5 June 1984 


| 
Volume 129, Number 336; 


4 


REFERENCE 


Editorial National Goals for Education SERVICE 


JUN = 9 1959 


Articles Cenozoic History of the Bering Land Bridgt: D,M . Hopkins 


The seaway between the Pacific and Abctic basins has often been a land 
route between Siberia and Alaska. WHF RECEIVED 7 


Biochemical Theories of Schizophrenia: S. S. Kety 


Part I of a two-part critical review of current theories and of the 
evidence used to support them. 


News of Science Strauss Nomination Goes to Senate; Britain Launches Space Program; Future 
of Foreign Scientist Program Undecided; Increased Outlay for Atom 
Smashers Asked 


Book Reviews’ _H. W. Stoke’s The American College President, reviewed by C. W. Williams; 
other reviews 


Storage of Steroid Hormones by Adipose Tissue in Two Experimental Obesities: 
C. Zomzely, R. Asti, J. Mayer 


Nervous Pathways of Cutaneous Pains: H. Piéron; M. H. Jones 


Separation of Hydrogen Isotopes by Gas-Solid Chromatography: 
P. L. Gant and K. Yang 


Electrophoretic Methods for Desalting Amino Acids: J. C. Nichol 


Incorporation of Unnatural Pyrimidine Bases into Deoxyribonucleic Acid of 
Mammalian Cells: M. L. Eidinoff, L. Cheong, M. A. Rich 


Low-Level X-ray Damage to Amphibian Erythrocytes: M. A. Lessler 

Phenylpyruvic Acid as a Possible Precursor of o-Hydroxyphenylacetic Acid in 
Man: R. E. Tashian 

Letters 


Radiology; Meeting Notes; Forthcoming Events; New Products 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


= 
: 
. 
: 
918642 
1546 
: 
 § 
551 
§ 
wed 
18553 
Departments 
1812 


& 
New Zeiss Photo-Microscope 
WITH BUILT-IN AUTOMATIC CAMERA 


In using this unique instrument, you can concentrate fully on the 
subject being studied and photographed, because the taking of the 
picture is practically automatic. 


As soon as the specimen is focused in the eyepiece you merely press 
a button. This results in: (1) Opening of the shutter. (2) Automatic 
setting of exposure time by electronic control. (3) Closing of the shut- The Zeiss Photo-Microscope can be 
used for as many purposes as any large 
universal research microscope. It is 
suited for microscopy and photo-microg- 
mechanism which is wound up before inserting the film, takes care of raphy with transmitted light and epi- 
shutter operation and the film transport. Uses a standard load of 35mm illumination as well as for work with 
polarized light. Usual methods of exami- 
nation such as bright field, dark field 
and phase contrast may be used. 


Extremely Versatile 


ter after exposure. (4) Transporting of the film for the next picture. 
(5) Advance of picture counter. (6) Recocking of shutter. A spring 


film—color or black-and-white. 


Built to Zeiss standards, this new Photo-Microscope has met with 
full approval wherever it has been put to a practical test. You can rely 
on it for superb performance. 


Write for booklet 


GUARANTEED 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 
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3 Saunders texts that consider 
the student and his interests 


New (2nd) Edition! Krueger and Johansson— 
Principles of Microbiology 


This up-to-date introductory text gives the college student 
the basic principles, concepts and viewpoints of microbi- 
ology, simply and concisely presented. Text material is 
logically arranged and offers a good balance between 
basic and applied microbiology. 


To bring this New (2nd) Edition abreast of new develop- 
ments in the field, the text has been extensively revised. 
Changes occur in the chapters on protoplasm of bacteria, 
enzyme action, nutrition and metabolism and bacterial 
variation. New material covers: a new discussion of sex- 
ual reproduction as it is believed to occur in bacteria; 
material on the Class Schizomycetes almost entirely re- 
written to conform with the 7th Edition of Bergey's Man- 


ual of Determinative Bacteriology; new material on 
viruses with discussions on recently discovered ones— 
coxsackie, ECHO and adeno viruses; new discussions on 
the Salk vaccine and on the genetics of viruses; new ma- 
terial in the chapter on protoplasm of microorganisms. 
The chapter on the nature and significance of enzymes 
has been revised and material on nutrition and metabo- 
lism of microorganisms has been completely rewritten. 


171 outstanding illustrations clarify the structural fea- 
tures of microorganisms. 


By Watter W. Kruecer, Department of Biology, Grand Rapids 
Junior College; and Kart R. JoHANsson, iate Professor of Bacteriol- 
ogy and Immunology, University of Minnesota. 550 pages, 171 illustrations. 
$6.75 Ss New (2nd) Edition! 


Romer—The Second Edition of The Vertebrate Body 


Second Edition—Here is one of the finest volumes avail- 
able for a background course in comparative anatomy. It 
is ideal for general college students and also for those 


planning further study in any rngea or related phase 
of biology. 


A study of the form and function of the vertebrate body 
is interwoven with embryological, paleontological, histo- 
logical and evolutionary material. Organs and systems of 
vertebrates are compared without over-emphasizing the 
human structure. Function is fully considered, making it 


possible to understand the relations of the various sys- 
tems within the animal and the animal in relation to its 
environment. Outstanding illustrations help the student 
see beyond laboratory observations. Teaching aids in- 
clude supplementary references and two appendices on 
Synoptic Classification of Vertebrates and Scientific 
Terminology. 


By Atrrep SHERWoop Romer, Alexander Agassiz Professor of Zoology and 
Director, Museum of Comparative Zoology, Harvard University. 644 pages 
with 390 illustrations. $7.00. Second Edition. 


Romer—A Shorter Version 
of the Second Edition of The Vertebrate Body 


Designed for a shorter course in comparative anatomy, 
this book is a skillful abridgement of the longer Romer 
text described above. All major items of the original 
work are incorporated and the famous clarity and easy 
understanding still prevail. Every one of the 390 excel- 
lent illustrations has been retained. Text material has 
been meticulously rewritten, not merely condensed. 


The first three chapters, including introductory material 
on the vertebrate body plan, the natural history topics, 
discussions on family trees and the handy appendices are 
reproduced without change. The author gives an interest- 
ing account of the changes undergone by the vertebrates 
in the course of their eventful history. 


By ALrrep SHerwoop Romer. 486 pages with 390 illustrations $5.50. 


gladly sent to college teachers for consideration as texts 


W. B. SAUNDERS COMPANY 


West Washington Square 


Philadelphia 5 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., N.W, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 


matter under the act of 3 March 1879. Annual subscriptions: 


5 JUNE 1959 


50; foreign postage, $1.50; Canadian postage, 75¢. 
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE- UF. ) 


‘AMAZING OPTICAL 


*,and OTHER SCIENTIFIC BARGAINS 


American Made — Terrific Buy! 

Over 50% Saving 
STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3” work- 
ing distance. Clear, sharp, erect im- 
age. Wide, 3 dimensional field. 2 sets 
of objectives on rotating turret. 23X 

and 40X. 10 Days Free Trial. 
Stock No. 85,056-W ...... $99.50 
f.o.b. Barrington, N.J. 


Low Power Supplementary Lens Aattachment for above Stereo 
PE ja 15X down to 6X with clear, extra large 144” 
fleld a 


NEW HAND SPECTROSCOPE 


Never before such low price! 
Only possible because it em- 

 ploys newly developed replica 
grating film—with 13,400 lines per inch. This grating is 
mounted in aluminum tube 4%” long, %4” dia. with a 
fixed slit. Excellent for demonstrating spectrum; to see 
spectral lines of gases; for recognizing transmission and 
absorption bands of colored glasses, filters, dyes. Also will 
identify more prominent Fraunhofer Lines. 


D-STIX VISUAL TOOLS 
For Scientists, Teachers 


Scientists, teachers, planners—let D- 
STIX help you visualize and crystallize 
complex ideas. Enameled plastic sticks 
and ‘‘easy-on’’ rubber joints fit together 
fast—help you work out molecular 
structures, geometric figures, structural members, shapes, 
models of scientific apparatus. Ideal for ‘‘3-dimensional 
thinking,’ instruction, demonstration. Durable kits. Money- 
back guarantee. 
Stock No. 70,209-W (230 pes) .........+.2++ $3.00 
Stock No. 70,210-W (350 pes) .......... see. $5.00 


TWO-STAGE ROCKET TOY— 


Simple, safe — demonstrates principles of jet 
rockets. Uses water and air as fuel. First stage 
soars up 200 to 300 ft.—then 2nd stage is 
automatically released, going still higher. A 2nd 
stage satellite is also included and may be sub- 
stituted. Made of Butyrate plastic. Set includes 
fuel supply tank and air injection pump. 


Stock No. 70,157-W .......... $2.98 pstpd. 


BUILD A SOLAR ENERGY FURNACE 
Wonderful Science Project 


A fascinating new field. You can build 
your own Solar Furnace for experimenta- 
tion—many practical uses. It’s easy— 
inexpensive—use your scrap wood. We 
furnish instruction booklet. This sun 
powered furnace will generate terrific heat 
2000° to 3000°. Fuses enamel to 
metal — produces many unusual fusing 
effects. Sets paper aflame in seconds. Use our Fresnel Lens 
—14%” diameter... f.1. 14”. 


Stock No. 70,130-W Fresnel Lens ...... $6.00 Postpaid 


GIANT MAGNETS! 
TERRIFIC BARGAINS! 


War surplus — Alnico V type. 
Horseshoe shape. Tremendous 
lifting power. 5 lb. size. Di- 
mensions: A—3%"; B— 


is about 2,000 Gauss. Will lift € y 
over 125 Ibs. 
No. 70,183-W $8.50 Postpald 
15% Ib. size. Approximately 5,000-6,000 Gauss rating. 
Will lift over 250 Ibs. 

Stook No. 85,088-W $22.50 F.0.B, 
Shipping Wt. 22 Ibs. Barrington, W.J. 


ASSEMBLED See the Stars, Moon, Planets Close Up! 
3” ASTRONOMICAL REFLECTING TELESCOPE 

AND 60 to 160 Power—An unusual Buy! Famous Mt. Palomar Type 
READY TO USE! } You'll see the Rings of Saturn, the fascinating planet Mars, huge 
craters on the Moon, Star Clusters, Moons of Jupiter in detail. Galax- 
ies! Equatorial mount with lock on both axes. Aluminized and over- 
coated 3” diameter high-speed f£/10 mirror. Telescope comes equipped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
160 power. An Optical Finder Telescope, always so essential, is also 
included. Sturdy, hardwood, portable tripod. 


Free with scope! Valuable STAR and Book.” 
$29.9, 


Photographers! This is an actual p = 
of the moon taken through our Astronomical 4%” Reflecting Telescope—up to 270 Power 
Telescope by a 17-year student. Stock No. 85-006-W ............ $74.50 F.0.B. Barrington, N.J. 


Terrific Buy! American Made! 
OPAQUE PROJECTOR 


Projects illustrations up to 3” x 344” and enlarges them to 4 ft. wide. Ideal for sales meetings, 
designers, artists, schools, clubs, scout meetings, parties, ‘‘show-and-tell,’”’ ete. No film or negatives 
needed. Projects charts, diagrams, pictures, photos, lettering in full color or black-and-white. Op- 
erates on 115 volt, A.C. current. Bulb is ordinary 60-watt type. 6-ft. extension cord and plug. 
Approved by Underwriters’ Laboratories, Inc. Size 12”x8” x414” wide. Weight 1 Ib., 2 oz. 
Plastic carrying case with built-in handle. 


INFRARED NAVY SNOOPERSCOPE 


WAR SURPLUS! 

: Govt. Cost $900—Only $39.50 
Converts infrared to visible light. 
See in total darkness. Use in lab, 
factory, classroom, etc., or dis- 
mantle for fine optical parts or 
time-and-motion studies, car- é power source. Completely portable. 
go and production tallies, ‘ © Operates on two flashlight batteries. 
counting traffic, etc. Popular Size 11%)” x 8”. rane with hard rubber carrying case 


WRIST TALLY COUNTER 
Worn Like a Wristwatch — 
Counts by Pushing Button 


Use for counting operations 
in labs, industrial plants, 


with golfers for keeping scores. Wear like a wristwatch. 12 lbs. Image not as sharp as our $150 Sniperscope— 
Push button and count is tallied on visible dials. Totals also no infrared light source is furnished (see below). 
to 99. Dials easily reset to zero by turning knobs. Light- Stock No. 85,098-W ... $39.50 f.o.b. Barrington, N.J. 


weight, sturdy Swiss construction. Size 1-7/16"x1%4" 9 INFRARED LIGHT SOURCE AVAILABILITY! You will 
x %”. Leather wristband. need a 6 volt transformer or 6 V auto battery to 


Stock No. 30,321-W ........... see $3.95 Id operate. 
Stock No. 80,035-W $10.00 Pstpd. 


REPLICA GRATING—LOW, LOW COST 


Take Unusual Color Photos at Night 
It’s here—after decades of effort! 
Replica Grating—on film—at very 
low price. Breaks up white light 
into full spectrum colors. An excit- 
ing display. 13,400 lines per inch. 
Diffraction Grating has been used 
to answer more questions about the 
structure of the material world and 


ERECT IMAGE LOW 
POWER MICROSCOPE 
5X, 10X, 20X 
$80.00 Value — Only $19.95 


Extremely sturdy with rack and pinion 
focusing, color corrected optics, turnable 
microscope body for inclined viewing, three 
different powers, long working distance un- 


REPLICA 


for easy viewing. Made 
the universe than any other single der objectives, sufficient eye relief 

device. Use it for making spectroscopes, for experiments, from war surplus 
as a fascinating novelty. First time available such large get $80.00 of value. . FM Bie 
size—so cheaply. Comes in clear plastic protector. FREE TRIAL! Accessory objectives available pow 


Stock No. 50-202-W— Includes 2 pleces 8” x54," 15%, SOX, 40K. 
1 transmission type, 1 reflecting type .. $2.00 pstpd. Stock No. 70,172-W ............. $19.95 Postpald 


BARGAIN-PRI | 
GAIN-PRICED STETHOSCOPE fEC CATA 0 / 
: FOR HOBBYISTS, Optics for the Science Class! 

i SCHOOLS Optics for the Space Era! 


100 PAGES! OVER 1000 OPTICAL BUYS! 


A real stethoscope at half the 
usual cost! Ideal for home crafts- 
man, hobbyists, schools, children. 
Listen to running machinery. Check on hard-to-hear mo- 
tor noises, leakage of gas, air or fluid. Pick up heart 
beats of animals, insect’ noises, other ‘‘unhearable’’ 
sounds, Splendid for experiments, classroom use, animal 
husbandry. Hours of educational fun for adults, students 
and children. Excellent for auto repairs, do-it-yourself 
projects. Sensitive, yet sturdily made to stand hard use. 
Money-back guarantee. 


America’s No. 1 optical 
source for experimenters, 
hobbyists. Huge selection 
of lenses, prisms, war 
surplus optical instru- 
ments, parts and acces- 
sories, Telescopes, mi- 
croscopes, satellite scopes, 
binoculars, infrared sni- 
perscopes, etc. Low-cost 
Be. $2.95 postpaid Science Teaching aids. 
Request Catalog W. 


Order by Stock Number. Send Check or M. 0. 


ORDER BY STOCK NUMBER .. . SEND CHECK OR MONEY ORDER. . . SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC NEW JERSEY 
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- Falcon Plastics has effected considerable economies QUANTITY AND CONTRACT SAVINGS 
c through developing improved methods of manu- The new Falcon prices listed here are a cross- 
ilso facture. Greatly increased sales volume has also section of the general price reduction. Similar 
ka” resulted in production and distribution savings. The savings are offered in larger quantities. In all 
a high standard of Falcon quality has been main- instances, multi-case prices are assortable. Annual 
NJ. tained and improved through these changes. contract levels have been made even more attractive. 
" As a result, Falcon makes substantial price reduc- 
tions on its entire line of disposable sterile plastic NEW PRODUCTS 
labware. Simultaneously with this price reduction, Falcon 
i introduces 10 new products designed to reduce costs 
4 in additional areas of laboratory work. 
REDUCE YOUR COSTS 
on, The savings made possible through the use of CONTACT YOUR DEALER 
paid Falcon Labware will tend to offset generally rising For your convenience, Falcon products are stock 
ser costs in the laboratory and may result in an actual items available for immediate delivery from leading 
: reduction in the overall expense of operation. hospital and laboratory supply dealers. 
.50 
t. 
a 14 cases cases SAVINGS REDUCTION 
eries. 
STANDARD PETRI DISH 
pe— 
a 100 x 15mm, flat bottom 500 $3565 $2955 $6 10 1 71% 
wil 
y to 
BUDGET PETRI DISH 
std. 
ae, 100 x 15mm, button bottom 500 2/ 50 2500 250 9% 
TRI-PLATE, 100 x 15mm 500 4500, 3775 725 | 16% 
pinion 
= 
un- 
| PETRI DISH, 100 x 20mm 500 40° 3015 990 | 25% 
stpald 
we | ROUND PHAGE DISH, 150 x 25mm 100 3389 | 2020 | 136° | 40% 
A SWUBE— SINGLE, 17 x 100mm 200 1530 | 1385 145 9% 
ral 
JYS! 
_ | TISSUE CULTURE DISH, 60x 15mm | 500 14750 | 5170 | 9580 | 65% 
ily 
, MICRODIFFUSION DISH, 60x35mm | 500 12959 | 6575 | 6375 | 49% 


STANDARD PETRI DISH 


6016 West Washington 


Bou! evard, Culver City, California 
A Division of Becton, Dickinson and Corapany 
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unsurpassed for image quality and operational versatility N 


Seite ORTHOLUX RESEARCH MICROSCOPE 


The ORTHOLUX microscope has no equal as a research tool in ST 
the leading scientific laboratories in the country. Its superla- us 
tive optical qualities and unique operational features are 
appreciated by an ever-growing number of users. Focusing is 
controlled with low-position, table-level adjustment knobs that 1. 


raise and lower the ball-bearing stage. Thus, without altering 2. 
convenient eyepiece height, and with the instrument stage in 
clear view at all times, fatigue-free operation is assured. 


The built-in illuminating system of the ORTHOLUX is designed 
for transmitted or incident light or combined illumination. The 4 
ORTHOLUX can be equipped with accessories for the following 
applications: 


@ BRIGHT FIELD ILLUMINATION 
@ DARK FIELD OBSERVATION 
PHASE CONTRAST 
@ POLARIZED LIGHT 


@ ULTROPAK 

INCIDENT LIGHT 

(for fibers, textiles, 
capillaries, etc.) 


@ FLUORESCENT 
ILLUMINATION 


@ CINE-AND 
PHOTO- 
MICROGRAPHY 


@ VARIOCOLOR 
@ MICRO DRAWING 


@ TABLE AND 
WALL PROJECTION 


@ XENON ILLUMINATION 


See and examine the ORTHOLUX microscope soon. 
Send for the ORTHOLUX brochure, Department sc-6. 
21488 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products 
Ernst Leitz G.m.b.H.,Wetzlar,. Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES MICROSCOPES BINOCULARS 
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CES 


Now — Pure, Pyrogen-free Sterile Water 
DIRECT FROM BOILER STEAM 


® 
STERIL-AQUA is not to be confused with ordinary water stills. The Castle STERIL-AQUA System 
uses a completely new concept to produce high purity water. 


No conventional still has these advantages. 
1. Straight-Thru Process—uses direct raw boiler steam. Eliminates secondary heating. 
2. Capacities—5-500 gallons per hour. Operates at and produces continually its rated capacity. 


3. Maintenance—direct process eliminates complex components. All components housed in 
single frame. 


4, Product—meets all USP standards for pure, pyrogen-free sterile water. 
5. Space Saving—STERIL-AQUA averages 1% size of comparable capacity conventional units. 
RESULT: LOW COST! Pure, pyrogen-free, sterile water at a fraction of standard still costs. 


= 
IMPURITIES See 


advantages of the STERIL-AQUA System. 


SEND FOR THIS FREE BROCHURE 


An 8 page analysis of direct from steam STERIL- 
Aqua, with special emphasis on the economic 


THE 
CASTLE 
STERIL-AQUA 


DIRECT FROM BOILER STEAM 
The new STERIL-AQUA system 
with a capacity range from 
5 to 500 gallons per hour, 
is available for every need, 
from the smallest laboratory 
to the production line. Smail- 
er units—5 (as shown), 12, 
and 25—are manually oper- 
ated. Other units with man- 
ual, electric (remote), or full 
automatic controls. All STER- 
IL-AQUA equipment is de- 
signed so the complete inte- 
rior can be sterilized. 


RE PYROGEN FREE 
TERILE WATER 


F 


OTHER NEW CES DEVELOPMENTS Castle Pfaudler 
DRYER BLENDER STERILIZER: First completely automatic unit for dry- 
ing, blending and sterilizing bulk products. Send for free brochure. 
Castle STEROX-O-MATIC: First completely automatic gas sterilizing 
system developed for industry. Send for free brochure. 


*CES MEANS CASTLE ENGINEERED STERILIZATION 

A CONTINUING development and research program to create more effi- 
cient and economic sterilization. Castle engineers are prepared to offer 
practical solutions to any and all of your sterilizing problems. 


IRST IN INDUSTRIAL STERILIZATION 


Dept. 1713-K e@ Rochester 2, N.Y. 
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A guide to uses and benefits of 
hydrologic data programs... 


Water Facts 


for the 
Nation's 
Future 


WALTER B. LANGBEIN, 
U. S. Geological Survey; and 
WILLIAM G. HOYT, formerly 
U. S. Department of the Interior 
NEW. This timely book offers an authori- 
tative survey of existing federal and state 
hydrologic programs for collecting, inter- 
preting, and publishing water data. Giving 
practical recommendations for expansion 
and improvement, it outlines specific steps 
for acquiring the information indispensa- 
ble to intelligent water management. In- 
cludes many original suggestions, particu- 
larly for improving the design of hydrologic 
networks. ‘Sponsored by the Conservation 
Foundation. 41 ills., tables; 260 pp. $5 


America’s Natural 
Resources 


Edited by a Committee headed by 
CHARLES H. CALLISON, 
National Wildlife Federation 

A factual survey of our natural resources, 
their interdependence, and conservation. 
Experts deal with each resource, its histor- 
ical background, and importance to man. 
Book clearly details the dangers to each 
resource, and explains sound methods for 
preserving and using it most profitably. 
“A clear, compact, and sound discussion.” 
—AMERICAN Scientist. Edited for the Nat- 
ural Resources Council of America. $4 


Living Resources 
of the Sea 


LIONEL A. WALFORD, 
U. S. Fish and Wildlife Service 
The first systematic appraisal of the 
areas where investigation is vitally needed 
to unlock the ocean treasure house. Cov- 
ers marine animal and plant resources, ma- 
rine geography, conservation, farming 
brackish waters, the possibilities of har- 
vesting plankton, etc. Sponsored by the 
Conservation Foundation. 23 full-page, 
2-color maps, 321 pp. $6 


r—USE THIS COUPON TO ORDER—-~ 

ater Facts for the Na- 
=" Future, Langbein- 

oyt 

(America’s Natural Re- 
| sources, Callison $4 | 
OC Living Resources of the | 
| | 


Sea, Walford $6 
( Check enclosed (J Send COD [7 Bill me. 
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THE RONALD PRESS COMPANY 
15 East 26th Street, New York 10, N.Y. 
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Letters 


Education of Science Teachers 


The recent exchange of letters on the 
education of science teachers [Science 
129, 744 (1959)] has shown clearly that 
a major point of disagreement between 
educationists and their opponents con- 
cerns the utility of education courses. 
On the one hand, the educationists as- 
sert that teaching is a profession which 
requires special, professional training; 
on the other hand, many people feel 
that anyone who knows his subject well 
can teach it satisfactorily. In practical 
terms, the question is: Can a college 
graduate teach as well, in his major sub- 
ject, as a graduate with the correspond- 
ing degree in education? And, more gen- 
erally, what mixture of education courses 
and “content” courses will produce the 
best teacher? » 

Both sides have produced arguments 
to support their views, but there has been 
very little objective evidence to support 
either view. What evidence there has 
been is one-sided, rather than compara- 
tive. Thus, the educationists ask, “Can 
50 years of research in education be 
ignored?” while their opponents point 
out that education courses are widely 
regarded by undergraduates as easy to 
pass and negligible in content. What is 
needed in order to remove the contro- 
versy from the realm of mere verbal 
sniping to that of informed and intelli- 
gent debate is a body of facts on the 
effectiveness of teachers who have been 
trained in different ways. 

A direct way of obtaining this infor- 
mation would be to compare the scores, 
on a nationally administered series of 
tests, of two groups of students: those 
whose teachers majored in education 
and those whose teachers majored in the 
subject concerned, without taking any 
education courses. Such tests already ex- 
ist, and teachers of the second type are 
already at work with temporary accred- 
itation in many places. Thus it might 
be possible to obtain the desired infor- 
mation from statistics or other informa- 
tion which already exists; on the other 
hand, it might be necessary to set up 
an extensive experiment, selecting teach- 
ers and students with appropriate back- 
grounds in order to free the comparison 
from systematic effects which might dis- 
tort results obtained from the existing 
data. (For example, if poor students 
tend to take education courses because 
they are “easy to pass,” this must be 
allowed for in comparing the intrinsic 
utility of education courses with that of 
“content” courses for training of teach- 
ers; but if we are interested in the rela- 
tive effectiveness of education and “sub- 
ject-matter” graduates as teachers, then 
such effects should be ignored.) 


Until some such study is made, I do 
not see how the present controversy can 
be anything more than a difference of 
opinion which, for lack of evidence, 
cannot be resolved. 

AnpbREW T. YounG 
11 Buena Vista Park, 
Cambridge, Massachusetts 


Luminous Wrist Watches 


Joyet [Bull. acad. suisse sci. méd. 14, 
367 (1958)] reports that the average 
man’s luminous wrist watch contains 
0.36 uc of radium and the average 
woman’s watch, 0.13 uc, both being of 
the type in which the entire dial is 
painted. A man wearing such a watch 
24 hours a day receives a gonadal dose 
of about 21.8 mr/yr, and a woman re- 
ceives about 12.7 mr/yr, as measured by 
Joyet. 

A sample of 224 persons (a group of 
Government employees in New York 
City in all of the occupation categories 
and levels represented) was investigated. 
Questions were asked and observations 
were made as to type of watch and wear- 
ing habits, with the results given in 
Table 1. 

When Joyet’s results were combined 
with the results for this sample of New 
Yorkers, it was found that the average 
gonadal exposure of the 224 persons is 
calculated to be 3.83 mr per year per 
person. The fact that very few, if any, 
persons in the age group up to age 30 
or 35 wear watches for the first 10 or so 
years of life should not be ignored. This 
would tend to reduce the figure 3.83 to 
about 2.5 mr/yr. This reduction might 
be offset slightly by the fact that, of the 
luminous watches worn, a larger fraction 
is worn by younger than by older adults. 
This was a general observation, and find- 
ings were not tabulated. 

If we assume, then, that the average 
annual dose is about 3 mr from birth to 
age 35, the 35-year dose will be about 
0.1 r, as compared with the estimate by 
Laughlin and Pullman of 0.03 r (range 
0 to 0.3 r) given in the National Acad- 


Table 1. Data on the wearing of luminous 
watches from a survey of 224 Government 
employees in New York City. 


Item Men Women 


Total number questioned 148 76 


Number wearing watches 
of all types 114 57 


Number wearing lumi- 

nous dial watches: 
Less than 10 hr/day 0 0 
10-19 hr/day 34 2 
19-24 hr/day 16* 


* Only one watch found with luminous points 
(Joyet’s category P). 
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... available with sextuple revolving 
nosepiece if desired, 20-Watt built-in 
illumination, superior Swiss quality in 
craftsmanship and optics. 


...with Camera II, permits continuous 
binocular observation. Phototube 
deflects 25% of light to binocular tube. 
Special format indicating eyepiece pro- 
vides rapid, perfect focusing. 


... with Wild Cinetube, using any 16mm 
movie camera having 50mm or 75mm 
focal lengths, permits critical focusing 
On specimen while exposing film. Two 
built-in beam splitters and photoelectric 
cell for exposure determination (with 
galvanometer). Internal projection tube 
for titling. 


...with Phase Contrast, Incident Light, 
Varicolor and other equipment. 
UNMATCHED VERSATILITY, PRECISION 
AND UTILITY FOR RESEARCH AND 
SCIENTIFIC EXPLORATION. 


*The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 


Booklet M20 mailed on request. 
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Full Factory 
Services 


Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 


In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 
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emy of Sciences report of 1956. This 
amounts to about 3 percent of natural 
background radiation and only about 1.5 
percent of the total radiation dose de- 
rived from background plus medical and 
dental exposure to the gonads, as cur- 
rently estimated. 

Hanson Biatz 
City of New York Department of 
Health, New York 


Ruth Benedict 


Julian Steward, in his long and pre- 
vailingly generous review [Science 129, 
322 (1959)] of An Anthropologist at 
Work, Writings of Ruth Benedict, raises 
three issues which seem to call for clari- 
fication. He interprets my discussion of 
Ruth Benedict as a “figure of transi- 
tion” as referring to her role in linking 
together the Boas period of anthropology 
and one small segment of contemporary 
culture and personality research known 
as “national character.” I did not use 
the term in any such parochial sense, but 
rather in reference to the whole intel- 
lectual climate of opinion of the second 
quarter of the twentieth century. 

Steward asks why I did not mention 
the Kardiner-Linton seminar held at 
Columbia University in the late 1930's. 
At the time that Abram Kardiner inde- 
pendently began to apply psychoanalytic 
theory to the study of culture, the major 
theoretical lines for the study of person- 
ality and culture (as in John Dollard’s 
Criteria for the Life History) had al- 
ready been worked out by Roheim, 
Sachs, Fromm, Erikson, Frank, Dollard, 
Sapir, Gorer, and myself, and Ruth 
Benedict was already familiar with them. 
Kardiner’s one new contribution—his 
theory of primary and secondary insti- 
tutions—neither she nor I found useful. 
Although it is uncertain to what extent 
Ralph Linton mediated the existing lit- 
erature to Kardiner, I have always re- 
garded Kardiner’s work as an example 
of historical parallelism. 

On the third point, the extent to 
which Steward feels that the Columbia 
University department of anthropology 
was, during his membership in the de- 
partment, a continuation of the Boas 
tradition, Steward himself is surely the 
best authority. 

Marcaret MEap 
American Museum of Natural History, 
New York 


Winchester’s Genetics 


In a review of A. M. Winchester’s 
book, Genetics [Science 129, 91 (1959)], 
the reviewer dismissed the book as one 
that he could not recommend for use by 


students of the subject. He commented 
that the book was apparently written for 
college students with little formal educa- 
tion, and he seemed to imply that there 
was something wrong with such a text 
being anthropocentrically oriented. Since 
the book was published by a distin- 
guished publishing house, and the series 
in which it appears is edited by a ge- 
neticist who was also then a member of 
the Editorial Board of Science, it seemed 
to me that something must be awry 
somewhere. I therefore sent for ‘a copy 
of Winchester’s book, and having read 
it I have now satisfied myself where 
things went awry. They went awry with 
the reviewer. He committed the cardinal 
sin of reviewing, namely, reviewing a 
book at a level for which it was not 
written and at which it was never in- 
tended to be read. The author quite 
clearly sets out the classes of readers for 
whom the book is intended: the nonspe- 
cialist student in genetics, the student of 
psychology, sociology, or medical science, 
and those wishing to take the course as 
an elective or as a part of a general edu- 
cation program. 

As one who has had to learn his ge- 
netics from books, and who has read a 
representative number of them over the 
course of the years, I should like to pro- 
test the reviewer’s unfair dismissal of 
this book, and to go on record as saying 
that Winchester’s book is, in my opinion, 
a book eminently well suited to meet the 
requirements of a first and perhaps only 
course in genetics for the student who is 
not specializing in the subject. The text 
is clearly and soundly written, the illus- 
trations, tables, and figures are clear and 
quite generally most interesting in them- 
selves, and the problems are most help- 
fully constructed. The orientation toward 
man makes the book unusually interest- 
ing. 

AsHLEY Montacu 
321 Cherry Hill Road, 
Princeton, New Jersey 


While it is true that Winchester’s book 
is meant to appeal to students of varied 
backgrounds, it is apparently meant for 
biology students as well. This point, 
however, is really quite unimportant, 
for the real issue is whether any text- 
book that treats its subject in a trivial 
and superficial manner should be used 
in any course in our universities. 

Montagu is entitled to his opinion of 
the book, but his obvious appeal to the 
authority of a member of the Editorial 
Board of Science is unworthy of serious 
comment. I am sorry, however, that I 
have piqued the sensibilities of an an- 
thropologist by complaining about the 
excessive anthropocentric orientation of 
a textbook of genetics. 

S. R. Gross 
Rockefeller Institute, New York 
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Now buy only the accuracy you need 
... at a price that makes sense 


These new Pyrex brand Accu-REpD Burettes 
are priced at 38% less than our precision (cer- 
tified) models Nos. 2130 and 2131. 

But they provide all the accuracy you need 
for many tasks that do not require extreme pre- 
cision. For example, tolerance on the 25 ml size 
is +0.06 ml. 

Moreover, the low price does not mean any 
sacrifice in quality. You still get all the advan- 
tages of labware carefully crafted from PyREXx 
brand glass No. 7740; no worries about cor- 
rosion or contamination. 

And the easy-to-read markings are in to stay 
because Accu-RED is part of the glass. Lines 
and figures will last as long as the burette does! 

Other features include an improved pressure 
clip that holds the plug firmly in place and 
smoothly-finished, double-beveled tip. 

You can get these new burettes in 10, 25, 50 
and 100 ml sizes . . . with Accu-RED or white 
markings. Either type is the answer to your 
accuracy—at-a-price—need in quality labware. 

Contact your usual source of supply. Or take 
a detailed look at the full line of fine glass lab- 
ware from Corning by sending for the basic 
reference, Catalog LG-1. Write to us at 75 
Crystal Street, Corning, New York. 


w CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


Low-cost PYREX brand burettes | 


PYREX’ laboratory ware |... the tested tool of modern research 
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TMC designed the new ‘‘Serviscaler’’ specifically 

for college classroom training or laboratory use ... 
moderately priced, dependable and compact—yet 
with performance specifications more than sufficient for 
training and monitoring purposes. The transistorized 
SG-10A costs only $350 f.0.b. New Haven. 


The transistors used throughout all sealing stages 

(the high voltage regulator is the only tube) 
the trans i sto rized increase operating life and over-all reliability and 

make the Serviscaler more rugged. It weighs only 

12 lbs., measures 1234" x 9" x 5%" high so that it can 

“7 MC m od Ee | Ss g -10 a be easily carried by anyone. Power consumption 
of 20 watts means that a number of units can be 
used in a single room without ‘‘power’’ problems. 


O 
S e r V | S * a | eS r In actual operation the Serviscaler scales data 


on five decade glow tubes with a maximum capacity 
of 99,999 counts. And high voltage is continuously 
adjustable between 600 and 1600 volts. 


TECHN) 
CAL MEASUREMENT CORPORAy 
NORTH Haven CONK Us Ser 
INPUT 
COUNT 


OFF 


Medal 


resolving time: better than 200 microseconds 


input sensitivity: adjustable internally 50 
millivolts to 200 millivolts 


operating maximum load current: 100 microamperes 
specifications high voltage stability:1,0% 
line regulation (105-125 v.): 0.1% 
power: 115 v. 50-60 cycles (230 v. on order) 


connectors: detector input, timer output, 
remote control 


TECHNICAL MEASUREMENT CORPORATION 


44] WASHINGTON AVENUE, NORTH HAVEN, CONNECTICUT 


SCIENCE, VOL. 129 


= 
Ma 
Mr 
7 
/ 
L 
\ 
| 7 
% 
Mi 
| 
M | 
be 
| 
| 
1516 


5 June 1959, Volume 129, Number 3362 SCI E | \ CE 


AMERICAN ASSOCIATION 
FOR THE 
ADVANCEMENT OF SCIENCE 


Board of Directors 


Paut E. Kuopsrec, President 
Cuauncey D. Leake, President Elect 
Wattace R. Brove, Retiring President 
H. BentLey Giass 

Grorce R, Harrison 

Marcaret 

Tuomas ParK 

Don K. Price 

Mina Rees 

W. Rusey 

T. WATERMAN 

A. ScHerer, Treasurer 

Dart Wo rte, Executive Officer 


Dart Wo rie, Executive Officer 
GraHaM Editor 
JosepH Turner, Assistant Editor 
Rosert V. Ores, Assistant Editor 


Editorial Board 
Donatp J. HucHEs H. Burr 
Konrap B. Krauskopr L., Straus, Jr. 
Epwin M. Lerner Epwarp L. Tatum 


Editorial Staff 


June G. Banpy, Saran S. Dees, Nancy S. 
Hamitton, HASKELL, Oxiver W. Heat- 
woLe, Kozat, Etten E. Murpuy, Betu- 
SABE PEDERSEN, MADELINE SCHNEIDER, Nancy L. 
TermmouriAN, Marta A. WOLSAK. 


Eart J. Scueraco, Advertising Representative 


SCIENCE, which is now combined with THE 
SCIENTIFIC MONTHLY, is published each Fri- 
day by the American Association for the Advance- 
ment of Science at Business Press, Lancaster, Pa. 
The joint journal is published in the SCIENCE 
format. Entered at the Lancaster, Pa., Post Office 
as second class matter under the Act of 3 March 
1879. SCIENCE is indexed in the Reader’s Guide 
to Periodical Literature. 


Editorial and personnel-placement correspond- 
ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spacing 
and submitted in duplicate. The AAAS assumes no 
responsibility for the safety of manuscripts or for 
the opinions expressed by contributors. For de- 
tailed suggestions on the preparation of manu- 
scripts, book reviews, and illustrations, see Science 
125, 16 (4 Jan. 1957). 

Display-advertising correspondence should be 
addressed to SCIENCE, Room 740, 11 West 42 
St., New York 36, N.Y. 

Change of address notification should be sent to 
1515 Massachusetts Ave., NW, Washington 5, D.C., 
4 weeks in advance. If possible, furnish an address 
stencil label from a recent issue. Be sure to give 
both old and new addresses, including zone num- 
bers, if any, 

Annual subscriptions: $8.50; foreign postage, 
$1.50; Canadian postage, 75¢. Single copies, 35¢. 
Cable address: Advancesci, Washington. 


National Goals for Education 


The accelerating rate of change in our society poses difficult questions 
for education. Our children must be educated not for living in the present 
world but for living in the unpredictable world of the future. No recent 
report on education has shown a clearer grasp of the implications of 
change than has that of the Panel on Science and Engineering Education 
of the President’s Science Advisory Committee (“Education for the Age 
of Science,” Government Printing Office, Washington 25, D.C. 20¢). 

The report is remarkable not so much for the novelty of its suggestions— 
all of them have been made in more or less similar form before—as for 
its sharp focus on the needs of the future, for its broad, well-balanced ap- 
proach to the proper goals of education, and for its vigorous recommen- 
dations about what ought to be done to improve the education of children 
and adults. 

The report calls for a doubling of the present expenditure for education; 
for greater support of education in all of its branches rather than merely 
in science and mathematics; for imaginative approaches to the education 
of adults in the sciences, to prepare them for making policy decisions in 
which scientific considerations will play an ever larger part; for more 
scientific education for girls and women; for higher standards and better 
community status for teachers; for greater utilization of advanced place- 
ment courses in the high schools; for experiments with audiovisual aids 
in teaching; for improvement and modernization of textbooks and labora- 
tory equipment; for greater cooperation between college and university 
teachers and their high-school colleagues; for strengthening of engineering 
schools and engineering curricula; for a more rigorous high-school pro- 
gram; and for recognition and educational support of the intellectually 
talented. 

What influence will the report have? The status of the panel that wrote 
it and the refreshingly straightforward style in which it is written should 
assure it a large number of readers. In addition, the panel plans to give 
the report wide circulation among colleges and high schools and their gov- 
erning boards, so that those who are most directly concerned with education 
will have a chance to see it. 

Even though most of those who read the report will agree with all or 
many of the recommendations, they will look in vain for more than hints 
about how they may be put into effect. Aside from an occasional plea that 
some foundations or some government agencies might act on some of its 
recommendations, the report is silent. The report, to take one example, 
states that no able students should be forced to discontinue their education 
for economic reasons and that “the nation as a whole should take the 
responsibility for seeing that they are permitted to make themselves as 
useful as they can become.” And elsewhere the report urges that “meas- 
ures be evolved to discover and provide financial support for bright students 
whose needs cannot be met in their local community, and to make it pos- 
sible for them to study in more adequate schools.” 

Throughout the report it is made clear that education is a national 
rather than a purely local concern and that intellectual talent is our great- 
est national asset—an asset that should be developed to its fullest potential 
no matter where it is found. Fine, but who is going to be responsible for 
the development of talent? Local governments? Foundations? The Federal 
Government?—G.DuS. 
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Bausch & Lomb 


Grating Monochromators 


with 
CERTIFIED 
PRECISION 
GRATINGS 


Pure, intense light . . . ultra-violet, visible, or infra- 
red—just turn the micrometer drum to set the grat- 
ing to the desired wavelength. Wide choice of grat- 
ings for full range coverage (2000A-14,000A), or 
for more intensive U-V or infra-red study. Nine 
monochromator models, with linear dispersion from 
66A/mm to 16.5A/mm, first order. 


B&L OPTICS FOR 
ULTRA-VIOLET WORK 


Complete accessories for criti- 
cal study under high intensity 
U-V illumination. Twice the 
resolving power attainable 
with visible light. 


WRITE FOR 


INFORMATIVE DATA! 


For your copy of Catalog D-259, for an obligation- 
free demonstration, for expert advice on specific ap- 
plications, write to Bausch & Lomb Optical Co., 
64242 St. Paul St., Rochester 2, N. Y. 


1518 


Direct irradiation 

° U-V microscopy 

Photo-chemistry 

* Physical chemistry 
Spectro-photometry 


America's only complete optical source . . . from glass to finished product 
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Cenozoic History of the 
Bering Land Bridge 


The seaway between the Pacific and Arctic basins has 
often been a land route between Siberia and Alaska. 


Many facts of paleontology and bio- 
geography (/, 2) indicate that the Old 
and New Worlds have sometimes been 
connected by a continuous land route 
that extended from Alaska across the 
present shallow floors of the Bering and 
Chukchi seas (Fig. 1) to Siberia. Recent 
geologic studies in western Alaska per- 
mit a more detailed consideration of the 
times at which the land bridge existed 
during the last 50 million years of Ter- 
tiary and Quaternary time. Some well- 
founded inferences can also be drawn 
concerning the climate and vegetation 
that prevailed on the land bridge during 
the last (Wisconsin) glacial interval, the 
most recent period during which the 
land bridge existed (3). 


Character of the Sea Floor 


The floor of the northeastern Bering 
Sea, Bering Strait, and Chukchi Sea is a 
wide platform extending from the Alas- 
kan to the Siberian coast, covered by 100 
to 500 feet of water (Fig. 2). The plat- 
form is separated from the much deeper 
floor of the western Bering Sea by a sub- 
marine escarpment more than 5000 feet 
high. A less abrupt escarpment descends 
from the northern edge of the Chukchi 


The author is geologist in charge of Alaskan 
placer investigations, U.S. Geological Survey, 
Menlo Park, Calif. 
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David M. Hopkins 


platform to the depths of the Arctic 
Ocean. 

The Bering-Chukchi platform is mo- 
notonously flat. St. Lawrence Island, St. 
Matthew Island, the Pribilof and Dio- 
mede islands, and several smaller islands 
near the coast of Seward Peninsula are 
the only prominent topographic highs in 
the Bering Sea and Bering Strait. Herald 
Shoal, 42 feet deep, lies in the central 
Chukchi Sea. Aside from these, the sur- 
face of the platform is devoid of sharply 
defined topographic features. Bottom 
gradients are so small that they are diffi- 
cult to measure (4, pp. 2-4). No features 
are recognized that can be interpreted 
as submerged valleys or submerged 
strand lines (5). 

The nearly featureless topography of 
the surface evidently results from intense 
marine sedimentation during the last few 
thousand years (6). Very gentle slopes 
underlain by fine sand radiate from the 
mouths of the Yukon and Kuskokwim 
rivers, and a gently sloping ramplike 
surface underlain by fine sandy mud de- 
scends from the mouths of the Kobuk 
and Noatak rivers, through Kotzebue 
Sound, to the deeper part of the Chukchi 
Sea. The flat surface beneath the north- 
western Bering Sea and the central 
Chukchi Sea is underlain by silt and clay 
containing numerous ice-rafted pebbles. 
Hydrogen sulfide is reported in many 
bottom samples from Chukchi Sea; its 
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presence suggests rapid deposition in a 
reducing environment. Bering Strait has 
a sandy and rocky bottom that lies 
slightly below the general level of the 
adjoining parts of the Bering-Chukchi 
platform. The overdeepening and the 
coarser bottom sediments probably result 
from the strong, north-setting currents 
that pass through the strait. 

Though the Bering-Chukchi platform 
happens to be a marine basin at present, 
the crustal structure below the veneer of 
young marine sediments resembles the 
structure of continental areas rather than 
the structure of typical ocean basins (7). 
Most of the present islands in the Ber- 
ing Sea and Bering Strait are composed 
of typical continental rocks similar to 
those in parts of Siberia and Alaska. 

Striking evidence for the structural 
continuity of the western Alaska and 
eastern Siberia land masses is provided 
by a comparison of the bedrock stratigra- 
phy and structure of Wrangell Island on 
the continental shelf north of Siberia 
with the stratigraphy and structure of 
Lisburne Peninsula in northwestern 
Alaska (Fig. 3). Both areas are under- 
lain by ancient sedimentary rocks of 
similar age, sequence, and character 
[compare geologic maps of Alaska and 
eastern Siberia (8, 9).] East-trending 
folds and faults that record the thrusting 
of older rocks northward over younger 
rocks on Wrangell Island correspond to 
south-southeast-trending folds and faults 
that record the thrusting of older rocks 
eastward over younger rocks on Lisburne 
Peninsula. The two areas evidently rep- 
resent segments of a single mountain arc 
which once straddled the continents and 
is now partly submerged, extending from 
Wrangell Island eastward through Her- 
ald Island (in the Chukchi Sea), south- 
eastward through Herald Shoal, and 
south-southeastward across Lisburne 
Peninsula. 

The geological evidence indicates 
quite clearly that Siberia and Alaska 
represent segments of a single continen- 
tal mass, separated by a segment only 
temporarily submerged, the Bering- 
Chukchi platform. Paleontological evi- 
dence indicates, however, that the land 
connection has been interrupted by tem- 
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Fig. 1. The Bering land bridge as a barrier to marine organisms. Late Tertiary molluscan 
fauna at Camden Bay (1) on the Arctic coast of Alaska resembles contemporary faunas 
from the North Atlantic Ocean and differs sharply from contemporary faunas from the 
Gulf of Alaska (2) ; the Bering-Chukchi platform must have been a land barrier separat- 
ing the Arctic Ocean from the Pacific Ocean when the Camden Bay fauna was living. 
The first opening of a marine connection between the Pacific Ocean and the Arctic Ocean 
is recorded by the Neptunea complex from the Gubik formation along the lower Colville 


River (3). 


porary submergence in this area several 
times during the last 50 or 60 million 
years. 


Land Bridge 


Nonmarine sediments of Eocene age 
(containing Sequoia and other plant re- 
mains) are found on St. Lawrence Island 
(10), and marine sediments tentatively 
assigned a Pliocene age are found in sev- 
eral localities on Seward Peninsula (11) 
and on the Pribilof Islands (12). Aside 
from these isolated occurrences, no Ter- 
tiary sediments (1 to 60 million years 
old) have yet been surely identified in 
western Alaska north of the Aleutian 
chain. Consequently we must continue to 
rely, for a while, upon indirect evidence 
—evidence for and against intercontinen- 
tal and interoceanic faunal migrations— 
in attempting to piece together the Ter- 
tiary history of the land bridge. 

Simpson shows that major faunal in- 
terchanges took place between the con- 
tinents and thus that a land connection 
existed in early Eocene, late Eocene, 
early Oligocene, late Miocene, and mid- 
dle-to-late Pliocene time (J, 13). An 
almost complete lack of interchange dur- 
ing middle Eocene time seems to indi- 
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cate the temporary existence of a water 
barrier on the Bering-Chukchi platform; 
reduced interchange during later Ter- 
tiary time may merely reflect the exist- 
ence of unfavorable conditions for faunal 
migrations through the area of the land 
bridge (1, pp. 654-656). 

A land bridge for vertebrates is, of 
course, a land barrier to marine organ- 
isms. The existence of such a barrier in 
the Bering-Chukchi region throughout 
most of Tertiary time is indicated by 
molluscan faunas that show no relation- 
ship to contemporaneous Atlantic faunas 
in sediments of early, middle, and late 
Tertiary age along the coast of the Gulf 
of Alaska (14) and by a molluscan 
fauna closely related to faunas of middle 
Tertiary age from the North Atlantic in 
beds of Miocene or Pliocene age at Cam- 
den Bay on the arctic coast of Alaska 
(15) (Fig. 1). Evidently molluscan 
populations dwelling in the North At- 
lantic could migrate freely across the 
northern edge of North America to the 
arctic coast of Alaska but were denied 
access to the North Pacific by a land 
barrier in the area of the Bering- 
Chukchi platform. 

We may conclude that the area of the 
Bering and Chukchi seas lay above sea 
level throughout most of the last 50 or 


60 million years. Water barriers between 
the continents existed only briefly, if at 
all, from middle Eocene until middle 
Pliocene time, and they resulted from 
crustal warping. The present basins of 
the Bering and Chukchi seas could not 
have come into existence until after the 
major exchange of land vertebrates that 
took place during middle-to-late Plio- 
cene time, a few million years ago. 


Initiation of Seaway 


At some remote time near the begin- 
ning of the Pleistocene epoch, approxi- 
mately a million years ago, the Bering- 
Chukchi platform was depressed, the 
Bering and Chukchi coasts of Alaska 
assumed approximately their present 
forms, and the water barrier between the 
continents came into existence. The out- 
line of the original marine basin is re- 
corded today by an abandoned wave-cut 
cliff that is traceable, with minor inter- 
ruptions, from the Arctic Coastal Plain 
of Alaska southward to the Yukon River; 
a similar feature can be traced around 
the perimeter of isolated bedrock high- 
lands on St. Lawrence Island (Fig. 3) 
(16, 17). The ancient wave-cut cliff is 
separated from the present strand by 
coastal lowlands ranging in width from 
a few hundred feet to a few miles; all 
marine sediments of Pliocene or Pleisto- 
cene age known in western Alaska lie 
seaward of the cliff. 

In most areas in northwestern Alaska 
the cliff marks the abrupt coastward ter- 
mination of a rolling upland that evi- 
dently represents an ancient erosion sur- 
face, now deeply dissected by valleys 
graded to present sea level (18). A simi- 
lar rolling surface forms the summit of 
the isolated bedrock highlands of St. 
Lawrence Island and the cliffed islands 
off the coast of Seward Peninsula. 

The old wave-cut cliff has not been 
positively identified and may be absent 
along the Alaskan coast south of the 
Yukon River; it is probable, nevertheless, 
that the southern part of the Bering- 
Chukchi platform was submerged at 
about the same time, for the earliest rec- 
ognized molluscan faunas lying seaward 
of the cliff in the north are closely re- 
lated to faunas of the same age from the 
Pribilof Islands and the Pacific Ocean. 

The time at which the Bering-Chukchi 
platform was depressed to form a sea- 
way connecting the Pacific Ocean with 
the Arctic Ocean is established with fair 
precision by stratigraphic evidence con- 
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tained in the famous gold-bearing marine 
sediments at Nome and by recent studies 
of the history of the genus Neptunea, a 
large marine snail that was confined to 
the Pacific basin during most of Tertiary 
time and that first appears in the Atlan- 
tic basin in beds of earliest Pleistocene 
age. 

The coastal plain at Nome is underlain 
by marine sediments that record three 
distinct intervals during which sea level 
stood as high as, or higher than, it does 
at present and during which water tem- 
peratures were warmer than they are at 
present (11, 19, 20). The two younger 
sets of marine sediments probably ac- 
cumulated during the last (Sangamon) 
and the next-to-last (Yarmouth) Pleisto- 
cene interglacial intervals. The oldest 
may have accumulated during the first 
(Aftonian) interglacial interval, or it 
may have accumulated at about the be- 
ginning of Pleistocene time, prior to the 
lowering of sea level that accompanied 
the first (Nebraskan) glacial interval. 
The earlier age is suggested by the fact 
that these oldest marine deposits at 
Nome have yielded a mollusk, Pecten 
hallae, belonging to a subgenus (Forti- 
pecten) that was previously known only 
from sediments of Pliocene age in 
Japan and Sakhalin (/7), and a fora- 
minifer, Pseudopolymorphina ishikaw- 
aensis, known previously only from sedi- 
ments of Miocene or Pliocene age in 
Japan (21). The second known North 
American occurrence of Fortipecten was 
discovered in 1957, far north of Bering 
Strait, at the inner edge of the coastal 
plain at Kivalina, Alaska (22) (Fig. 3). 

Marine sedimentation at Nome began, 
then, during or before the first Pleisto- 
cene interglacial age. The presence of 
Fortipecten and Pseudopolymorphina 
ishikawaensis in the oldest marine sedi- 
ments at Nome and of Fortipecten at 
Kivalina indicates that by late Pliocene 
or early Pleistocene time a new seaway 
extended across the Bering-Chukchi plat- 
form, affording a migration route north- 
ward for marine organisms that had pre- 
viously béen confined to the North 
Pacific Ocean. 

Evidence bearing on the age of the 
late Cenozoic submergence of the Ber- 
ing-Chukchi platform is also provided 
by an unpublished recent study of the 
genus Neptunea by F. S. MacNeil: “The 
genus Neptunea apparently originated in 
the Pacific Ocean during early Tertiary 
time. Its earliest occurrences in the At- 
lantic province are in the basal Pleisto- 
cene deposits of England, Belgium, and 
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the Netherlands, where there is a vari- 
able population that contains varieties 
foreshadowing both of the living Atlan- 
tic species, the more northern N. de- 
specta, and the more southern N. anti- 
qua. An even larger and more variable 
intergrading population of Neptunea is 
found in the lower part of the Gubik 
formation along the Colville River in 
the Arctic coastal plain of Alaska [Fig. 
1, location 3]. The collections from the 
lower Gubik formation include varieties 
similar to those originally found in 
Europe, as well as varieties that approach 
the typically North Pacific and Siberian 
living species, N. ventricosa” (23). 

The sudden appearance of Neptunea 
at the beginning of Pleistocene time in 
Europe suggests that the genus had 
found a migration route from the Pacific 
to the Arctic basin a short time earlier, 
and the presence of possibly ancestral 
forms on the Arctic coastal plain of 
Alaska suggests that the lower part of 
the Gubik formation may be of late 
Pliocene or earliest Pleistocene age. 

The available lines of evidence seem 
to agree in pointing to a submergence 
of the Bering-Chukchi platform near the 
end of the Pliocene epoch, approximately 
a million years ago. (i) The evidence of 
strong faunal interchange of land mam- 
mals between Eurasia and North Amer- 
ica during middle and late Pliocene 
time indicates that the water barrier 
could not have come into existence until 
shortly before the beginning of Pleisto- 


cene time. (ii) The stratigraphic record . 


at Nome indicates that the first marine 
deposits there were laid down during or 
before the first Pleistocene interglacial 
interval. (iii) The distribution in time 
and space of fossil Neptunea indicates 
that at, or shortly before, the beginning 
of the Pleistocene epoch a marine migra- 
tion route opened, permitting molluscan 
populations from the North Pacific 
Ocean to invade arctic waters, and then 
spread along the northern margin of the 


Fig. 3 (at left). Pleistocene geology of 
western Alaska and eastern Siberia [Lam- 
bert conformal conic projection (48)]. 
The limits of glaciation are shown by a 
solid line (or by a dashed line where there 
Is uncertainty ). 
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continents into Atlantic waters; and 
(iv) the ancient wave-cut cliff lying at 
the inner edge of coastal plain areas 
throughout much of western Alaska 
marks the former shore of this early 
waterway. 


Sedimentation and Crustal Warping 


One cannot assume, of course, that the 
surface topography of the Bering- 
Chukchi platform has remained un- 
changed throughout the lengthy period 
since it first submerged, near the begin- 
ning of the Pleistocene epoch. In the 
course of the long emergence during 
Tertiary time, a stream-sculptured to- 
pography must have developed that 
would now lie buried beneath the marine 
sediments that form the present monot- 
onously flat sea floor. I believe that the 
rolling upland surface extending inland 
from the old wave-cut cliff throughout 
much of northwestern Alaska and the 
similar rolling surface that forms the 
summit area of the islands in Bering 
Sea represent remnants of this pre-Pleis- 
tocene stream-sculptured landscape per- 
sisting in areas that either formed high- 
lands on the Tertiary land bridge or that 
were not involved in the general sub- 
mergence that brought the Bering and 
Chukchi seas into existence. Herald 
Island and Herald Shoal appear to be 
submerged remnants of a low mountain 
range that once extended from Lisburne 
Peninsula, Alaska, to Wrangell Island, 
Siberia. 

It is likely, then, that a stream-sculp- 
tured bedrock topography, having a re- 
lief of several hundred feet, lies buried 
beneath the Pleistocene and Recent ma- 
rine sediments that mantle the Bering- 
Chukchi platform; it is also likely that 
the floors of the Bering and Chukchi 
seas have become progressively shal- 
lower, due to the deposition of marine 
sediments, during each succeeding inter- 
glacial interval of high sea level. 

Crustal warping during Pleistocene 
time has affected the depth and extent 
of parts of the Bering and Chukchi seas; 
however, only along the south coast of 
western Seward Peninsula has the crus- 
tal disturbance been of a magnitude 
likely to affect the duration of temporary 
land connections between Siberia and 
Alaska during Pleistocene time. Even 
here, the effect of crustal warping has 
probably been to make Bering Strait 
shallower during successively more re- 
cent interglacial intervals, 


The spectacular local deformation in 
western Seward Peninsula apparently re- 
sults from repeated movement along an 
inferred fault that lies just offshore at 
Cape York and that may extend west- 
ward to or beyond Cape Prince of Wales, 
the eastern portal of Bering Strait (Fig. 
3). In the Cape York—Cape Prince of 
Wales area, the ancient wave-cut cliff 
lies at the inner edge of a marine terrace 
as much as 3 miles wide that has been 
unevenly warped 300 to 750 feet above 
sea level (17, 24). The terrace is dis- 
sected by valleys graded approximately 
to present sea level, and the valleys con- 
tain glacial deposits of probable Illinoian 
(third glacial) age; thus, most of the 
crustal warping that resulted in uplift of 
the terraces took place prior to Illinoian 
time. 

Elsewhere, the Alaskan coast south of 
the Yukon River appears to have been 
submerged by more than 100 feet during 
late Pleistocene time, probably as a re- 
sult of isostatic adjustment to the heavy 
sediment load that has been delivered to 
the eastern Bering Sea by the Yukon and 
Kuskokwim rivers and to the weight of 
the large glaciers that invaded Kusko- 
kwim Bay and Bristol Bay during Illi- 
noian(?) and Wisconsin time (Fig. 3). 
The deeply indented fjord coast of south- 
ern and eastern Chukotskiy Peninsula 
may also have subsided in late Pleisto- 
cene time in response to a heavy load of 
glacial ice. Kotzebue Sound has been en- 
larged by slight tectonic subsidence of 
its southern shore east of Cape Espen- 
berg (Fig. 2) since Illinoian(?) time 
(25). 

Other parts of the Bering and Chukchi 
sea coasts appear to have remained rela- 
tively stable throughout Pleistocene time. 
Marine sediments containing faunas 
ranging in age from late Pliocene or 
early Pleistocene (1/2) to late Pleisto- 
cene (26) are found near present sea 
level on the Pribilof Islands, and old 
beach ridges recognizable on topographic 
maps are abundant below altitudes of 
125 feet, and lacking at higher altitudes, 
on St. Lawrence Island, on the shores of 
Norton Sound, and along most of the 
Alaskan coast of Chukchi Sea. 

The effects of sedimentation and crus- 
tal warping upon the depth and width of 
the Bering-Chukchi platform may be 
summarized as follows. 

1) The deposition of marine sedi- 
ments has tended to fill the marine basin 
and to lead to progressively shallower 
water during each succeeding intergla- 
cial interval. 


1523 


pe 
A 
= 
SRE 
129 


2) Submergence due to isostatic load- 
ing of the Alaskan coast south of Norton 
Sound and of the south and east. coasts 
of Chukotskiy Peninsula tended to widen 
and deepen the eastern and northwest- 
ern parts of the Bering Sea during late 
Pleistocene time. The submergence seems 
to have been localized in areas within a 
few tens of miles of the present coast, 
for St. Lawrence Island and the Pribilof 
Islands do not appear to have been af- 
fected. 

3) Western Seward Peninsula is a tec- 
tonically active area. Deformation of the 
magnitude recognized between Cape 
York and Cape Prince of Wales would 
have resulted in appreciable changes in 
the depth of Bering Strait if the inferred 
coastal fault extends west of Cape Prince 
of Wales. Bering Strait may have been 
considerably deeper during early Pleis- 
tocene time than during late Pleistocene 
time. 

One must conclude that a seaway at 
least as deep as the present one separated 
Siberia from Alaska during each Pleisto- 
cene interglacial interval and that the 
land bridge was open only when the sur- 
face of the sea lay considerably below 
its present level. 


Fluctuating Sea Level 


The repeated growth and disappear- 
ance of large glaciers during the Pleis- 
tocene epoch was accompanied by re- 
peated changes in the position of sea 
level. The surface of the sea lay at least 
100 feet higher than it does at present 
during the warmest interglacial intervals, 
when glacial ice disappeared almost 
completely throughout the world, and 
sea level was lowered by more than 300 
feet during the most intense glacial in- 
tervals (27). 

The application of radiocarbon dating 
to oceanographic and stratigraphic stud- 
ies of late Pleistocene marine sediments 
has begun to yield a more detailed 
knowledge of the positions of sea level 
during the last 10,000 years and at least 
a sparse knowledge of positions of sea 
level during the preceding 30,000 years 
(Fig. 4). Curves showing the late Wis- 
consin and post-Wisconsin rise in sea 
level from — 180 feet to its present posi- 
tion are given with substantial agreement 
in at least three recent publications 
(28). Submerged shore-line features at 
depths of from —150 to —180 feet and 
from —60 to —80 feet in the Gulf of 
Mexico off the coasts of Texas (29) and 
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Florida and Alabama (30) apparently 
record brief interruptions that occurred 
about 11,000 to 8000 years ago (37) in 
the otherwise steady and rapid late Wis- 
consin rise in sea level. 

Most authors (32) have considered it 
probable that during earlier Wisconsin 
time sea level rose slowly but steadily 
from its lowest position (deeper than 
— 300 feet), held more than 35,000 years 
ago, to the position of - 180 feet, held 
11,000 years ago; however, recently pub- 
lished radiocarbon dates from the Mis- 
sissippi delta (33) seem to indicate that 
an initial rise from a depth of more 
than — 300 feet to a depth of less than 
- 150 feet (and possibly less than — 100 
feet) was accomplished more than 35,- 
000 years ago. The few radiocarbon- 
dated specimens having ages between 
35,000 and 11,000 years, then, seem to 
record a renewed but lesser lowering of 
sea level to about — 200 feet during the 
interval from 25,000 to 13,000 years ago 
(34). 

This modest reduction in sea level fol- 
lowing an interval of relatively high sea 
level during middle Wisconsin time 
seems to be represented in a submarine 
drill core from Atchefalaya Bay, Louisi- 
ana, in which marine sediments 11,950 
years old overlie the subaerially weath- 
ered surface of older marine sediments 
27,700 years old at a depth of about 
-—110 feet (35). The evidence for rela- 
tively high sea level during the interval 
from 35,000 to 25,000 years ago, and for 
renewed lowering of sea level during the 
interval from 25,000 to 13,000 years ago, 
also accords closely with the radiocar- 
bon-dated history of the final advance of 
the continental ice sheet from the vicin- 
ity of the Great Lakes to the Ohio River 
after middle Wisconsin time (36). 

My interpretation of the history of sea 
level during Wisconsin time may be sum- 
marized as follows (see Fig. 4). Sea 
level was reduced more than 300 feet 
at the glacial maximum during early 
Wisconsin (Iowan ?) time, more than 
35,000 years ago. Sea level then rose, 
apparently during an interval of rela- 
tively mild climates within the Wiscon- 
sin glacial interval, and seems to have 
been higher than — 150 feet during the 
interval from 35,000 to 25,000 years ago; 
the edge of the continental ice in North 
America at that time lay somewhere 
north of the Great Lakes (37). 

The glacial advances of late Wisconsin 
time, reaching the latitude of the Ohio 
River, were reflected by a renewed low- 
ering of the sea to a level of about — 200 


feet. During the oscillating retreat repre- 
sented by moraines of Tazewell, Cary, 
and Mankato age in the central United 
States, sea level rose again to a position 
between — 150 and — 180 feet. Submerged 
shore-line features at —- 150 to — 180 feet 
in the Gulf of Mexico record a stable 
position of sea level about 11,000 or 12,- 
000 years ago. that may coincide with or 
may immediately precede the Valders of 
Thwaites (38) and Mankato readvances 
in the Great Lakes region. 

A sharp warming of air and sea tem- 
peratures throughout the world from 
11,000 to 9000 years ago was accom- 
panied by an almost catastrophic retreat 
of the continental glaciers. Sea level rose 
to a new stable position, marked by sub- 
merged shore-line features at depths of 
— 60 to — 80 feet in the Gulf of Mexico; 
this position was occupied about 8000 
years ago and may have coincided with 
or immediately preceded the readvance 
of the North American ice sheet to the 
vicinity of Cochrane, Ontario. The 
rapid rise in sea level began again about 
7000 years ago, and sea level has lain 
within 10 feet of its present position 
throughout the last 5000 years. 


Sea Level and the Land Bridge 


The present-day surface of the Bering- 
Chukchi platform slopes so gently that 
changes in sea level of the magnitude 
recorded during the last 40,000 years 
would result in great modifications in the 
distribution of land and sea. A reduc- 
tion in sea level amounting to 60 to 80 
feet—the level at which sea level stood 
about 8000 years ago—would drain shal- 
low indentations such as Norton Sound 
and Kotzebue Sound, and the west coast 
of Alaska would be considerably less 
deeply embayed (Fig. 5, A). If sea level 
were lowered 150 to 180 feet—the posi- 
tion recorded by submerged beaches 11,- 
000 years old in the Gulf of Mexico— 
Bering Strait would be drained, and an 
intercontinental land connection would 
extend from St. Lawrence Island north- 
ward to the Diomede Islands (Fig. 5, 
C). If sea level lay only 120 feet below 
its present position—its approximate 
position 25,000 to 35,000 years ago—the 
continents would again be separated by 
a shallow channel locally only 20 miles 
wide (Fig. 5, B). A reduction in sea level 
of 300 feet—to the level recorded during 
early Wisconsin time more than 35,000 
years ago—would result in the exposure 
of nearly all of the Bering-Chukchi plat- 


SCIENCE, VOL. 129 


form, 
joinec 
exten 
north 


the s 
(Fig. 

Sec 
platfc 
since 
sea, 
durin 
evide 
Rece: 
tens | 


65 


99 


35 
100 ft 
0 
=300 
“400 
0 
400 
last | 
Nort 
level 
shell 
men: 
than 
bars 
indi 


form, and Alaska and Siberia would be 
joined by an almost featureless plain 
extending nearly 1000 miles from the 
north shore of a shrunken Bering Sea to 
the south shore of the Arctic Ocean 
(Fig. 5, D). 

Sedimentation on the Bering-Chukchi 
platform has been intense and rapid 
since the latest inundation by the rising 
sea, and the surface that was exposed 
during the last period of low sea level 
evidently lies buried beneath a cover of 
Recent marine sediments at least several 
tens of feet thick. Thus the interconti- 


nental land connection may have been 
inundated still earlier in the course of 
the late glacial rise in sea level than is 
suggested by the present topography of 
the sea bottom. 

Comparison of the sea floor topogra- 
phy with recorded fluctuations in sea 
level, then, suggests that (i) a land 
bridge more than 1000 miles in north- 
south width connected Siberia and 
Alaska during the most intensely glacial 
phase of early Wisconsin time, over 
35,000 years ago; (ii) the land connec- 
tion was greatly narrowed and probably 


severed when sea level rose to within 
less than 150 feet of its present posi- 
tion during a cool but prolonged middle 
Wisconsin interglacial interval, 25,000 
to 35,000 years ago; (iii) the land con- 
nection resumed or widened again when 
sea level fell to about — 200 feet during 
the late Wisconsin glacial advances, from 
25,000 to 12,000 years ago; (iv) the land 
bridge was closed by the rising sea for 
the last time between 10,000 and 11,000 
years ago. 

The land bridge ceased to exist at a 
time when world climates still were far 
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Fig. 4. Changes in sea level compared with fluctuations in the position of the margin of the continental ice sheet during and since the 
last glacial interval (49). (Top) The heavy line represents the position (latitude) of the southern limit of the continental ice sheet in 
North America. (Middle) The heavy line represents the position of sea level at various points in time. (Bottom) Past positions of sea 
level are indicated by radiocarbon dating of various specimens. The type of specimen is indicated as follows: (triangle, vertex up) 
shell; (square) wood; (circle) peat; (triangle, vertex down) organic residue in marine mud; (diamond) calcareous algae. The speci- 
mens are plotted at the depths at which they were collected. The vertical arrows indicate that the sea level was either lower or higher 
than the specimen. The vertical bars indicate the probable position of the sea level when the specimen was deposited. The horizontal 
bars indicate probable limits of dating error. The specimens without bars have a probable error too small to plot. A horizontal arrow 
indicates that the specimen is older than 35,000 years. 
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more rigorous than they are at present 
and when the southern margin of the 
continental ice in east-central North 
America still stood near the United 
States—Canada border. The thickness of 
marine sediments on the Bering-Chukchi 
platform was less during earlier glacial 
ages, and consequently, smaller areas of 
the platform lay high enough to be ex- 
posed at any given position of sea level. 
It is probable that the land bridge was 
closed even earlier in the waning phases 
of the pre-Wisconsin glacial intervals, 

, and it seems unlikely that the Bering 
land bridge was ever open during the 
Pleistocene epoch at a time when world 
climates were less severe than those of 
late Wisconsin time. 


Glaciated and Ice-Free Areas 
on the Land Bridge 


-Most parts of the Bering land bridge 
have always been free of glacial ice, but 
glaciers did invade several areas near the 
present shores of Alaska and Siberia dur- 
ing the Illinoian and Wisconsin glacial 
‘intervals (Fig. 3) and probably during 
earlier glacial intervals. Small, local 
glaciers have existed in the past on St. 
Lawrence Island and possibly on the 
Pribilof Islands (26). However, even 
when the more extensive Illinoian glaci- 
ation was at its height, a broad ice-free 
corridor extended from central Alaska 
across the land bridge to eastern Siberia. 

‘ Glaciers may have barred access to the 
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central parts of North America and Asia, 
but they have never constituted a barrier 
to migration between eastern Siberia 
and central Alaska. 


Forest or Tundra of the Land Bridge? 


Recent paleobotanical studies m west- 
ern Alaska establish clearly that the 
land bridge supported only treeless tun- 
dra during-its most recent period of ex- 
istence in late Wisconsin time. More- 
over, a comparison of the vegetation of 
Alaska and Siberia suggests that the land 
bridge never supported forests during 
Pleistocene time. 

The present-day continental limit of 
spruce forest in Alaska extends from the 
base of the Alaska Peninsula northward, 
parallel to the present coast but inland a 
few miles, to Kotzebue Sound and thence 
eastward, parallel to and a bit north ot 
the Arctic Circle (39). During the Wis- 
consin glacial interval the western limit 
of spruce forest in Alaska lay even far- 
ther eastward. Pollen studies in the Cook 
Inlet area (on the south coast of Alaska 
east of the Alaska Peninsula) indicate, 
for example, that the first vegetation to 
take root on glacial drift of Wisconsin 
age consisted of treeless tundra and that 
the first trees did not appear until sev- 
eral thousand years after the area was 
deglaciated and after the Bering land 
bridge was drowned by the rising sea 
(40). Griggs has shown, moreover; that 
the spruce forest has been extending rap- 


Fig. 5. The probable outlines of the Alaskan and Siberian coasts when the sea level was (A) 75 feet, (B) 120 feet, (C) 150 feet, and 
(D) 300 feet below the present level. Shading indicates areas above sea level. 


idly westward into tundra areas on the 
Alaska Peninsula during recent decades; 
the edge of the forest in southwestern 
Alaska now lies farther westward than 
it has lain for many thousands of years 
(41). Fossil pollen contained in pond 
sediments overlying drift of Wisconsin 
age near Platinum, several tens of miles 
west of the present limit of spruce in the 
Kuskokwim Bay area, records only tun- 
dra vegetation (42). 

Paleobotanical studies in several parts 
of Seward Peninsula that lie west of 
the present continental limit of spruce, 
indicate that there, too, the vegetation 
consisted of tundra during the Wiscon- 
sin glacial interval. The continental tim- 
ber line advanced temporarily several 
tens of miles beyond its present limits 
during a brief interval 8000 to 10,000 
years ago, when summers were warmer 
than they are at present (20, 43), but 
this warm interval began at almost the 
moment that the rising sea closed the 
Bering land bridge. It is clear that for- 
ests never extended onto the land bridge 
beyond the present shores of the Bering 


and Chukchi seas during the Wisconsin . 


glacial interval. 

Little direct evidence is available con- 
cerning the character of the vegetation 
on the land bridge during its earlier 
periods of existence in Pleistocene time. 
However, comparisons of the living vege- 


~ tation of Alaska and eastern Siberia and 


of the fossil floras of Pleistocene age 


_known from both regions suggest that 


the tundra vegetations of the two con- 
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tinents have merged repeatedly and re- 
cently but that the forest vegetations 
have not been in contact with one an- 
other for a long time, probably not since 
the beginning of Pleistocene time. The 
tundra vegetation is made up largely of 
circumboreal species ranging widely on 
both continents (44), but no tree species 
is recognized as occurring in both Siberia 
and Alaska (45). In even the oldest of 
the Siberian Pleistocene floras the forest 
elements are Asiatic (46). The evidence 


‘of plant geography seems to indicate that 


the Bering land bridge has supported 
only tundra vegetation and that no con- 


‘tinuous belt of forest ever extended 
across the land bridge from Siberia to 


Alaska during the Pleistocene epoch. 


Pleistocene Climates on the 
Land Bridge 


Several lines of evidence point to the 
conclusion that a severe arctic climate 
prevailed on the Bering land bridge dur- 
ing the Wisconsin glacial interval and 
presumably during the earlier periods of 
its existence within the Pleistocene 
epoch. The conclusion that the land 
bridge existed only during major glacial 
intervals leads to the inference that the 
climate there was at least as severe as 
the present climate around the shores of 
Bering and Chukchi seas. The paleobo- 
tanical evidence that the land bridge 
supported only tundra vegetation is most 
easily explained if one assumes that 
summers were too short and too cold to 
support forest vegetation (47). Finally, 
studies of fossil frost features on Seward 
Peninsula indicate that during the Wis- 
consin glacial interval summers were 
shorter and colder than they are at pres- 
ent, that winters were as severe as at 
present, and that snowfall in lowland 
areas was thin and patchy (20). 


Conclusions 


The interpretation of the Cenozoic his- 
tory of the Bering land bridge offered 
in this article, resting as it does upon a 
synthesis of fragmentary data from many 
areas and several disciplines, must be 
regarded as tentative and rather specu- 
lative. Each new collection of Cenozoic 
mollusks from western Alaska, each new 
stratigraphic study of another coastal- 
plain area along the Bering or Chukchi 
coast, each new radiocarbon date relat- 
ing to a position of sea level, can force 
some modification of the history as I 
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have interpreted it. Much could be 
learned from submarine cores on the Be- 
ring-Chukchi platform deep enough to 
penetrate through the Recent marine 
sediments into older deposits. The most 
serious gap in present knowledge, how- 
ever, is the lack of data on the stratig- 
raphy and structure of the sediments 
in the deformed marine terraces of west- 
ern Seward Peninsula adjoining Bering 
Strait; future studies in this area may 
result in profound modifications of the 
history that I have proposed here. 
Though uncertainties persist, to be re- 
solved by future work, these generaliza- 
tions accord with the information now 
available. (i) The data of vertebrate 
paleontology suggest strongly that a sea- 
way existed across the Bering-Chukchi 
platform during middle Eocene time, 
but physical evidence of its existence has 
not yet been found in Alaska or on the 
islands of the Bering Sea. (ii) The Be- 
ring-Chukchi platform was a land area 
during most of the remainder of the Ter- 
tiary period. (iii) A seaway across the 
Bering-Chukchi platform came into ex- 
istence after middle Pliocene time and 
earlier than the beginning of the Pleis- 
tocene epoch. (iv) The continents were 
separated by a seaway on the Bering- 
Chukchi platform during each intergla- 
cial interval of the Pleistocene, and they 
were connected by a land bridge during 
each glacial interval. (v) Rising sea level 


eliminated the land bridge for the last 


time between 10,000 and 11,000 years 
ago. (vi) During Wisconsin time the 
land bridge had an arctic climate char- 
acterized by cold summers and severe 
winters; it supported treeless tundra 
vegetation; and animals migrating be- 
tween the continents had to adapt to 
life in a tundra environment. The same 
conclusion is applied, with less convic- 
tion, to intercentinental land connections 
on the Bering-Chukchi platform during 
earlier glacial intervals. . 
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Biochemical Theories 


of Schizophrenia 


Part I of a two-part critical review of current 
theories and of the evidence used to support them. 


The concept of a chemical etiology in 
schizophrenia is not new. The Hippo- 
cratic school attributed certain mental 
aberrations to changes in the composi- 
tion of the blood and disturbances in the 
humors of the brain, but it was Thudi- 
chum (/), the founder of modern neuro- 
chemistry, who in 1884 expressed the 
concept most cogently: “Many forms of 
insanity are unquestionably the external 
manifestations of the effects upon the 
brain substance of poisons fermented 
within the body, just as mental aberra- 
tions accompanying chronic alcoholic 
intoxication are the accumulated effects 
of a relatively simple poison fermented 
out of the body. These poisons we shall, 
I have no doubt, be able to isolate after 
we know the normal chemistry to its 
uttermost detail. And then will come in 
their turn the crowning discoveries to 
which our efforts must ultimately be 
directed, namely, the discoveries of the 
antidotes to the poisons and to the fer- 
menting causes and processes which pro- 
duce them.” In these few words were 
anticipated and encompassed most of 


The author is chief of the Laboratory of Clini- 
cal Science, National Institute of Mental Health, 
National Institutes of Health, Bethesda, Md. This 
article is based on the Eastman memorial lecture, 
delivered at the University of Rochester, December 
1957, and on a paper presented at the third Inter- 
national Neurochemical Symposium, Strasbourg, 
August 1958. 
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the current chemical formulations re- 
garding schizophrenia. 

It may be of value to pause in the 
midst of the present era of psychochem- 
ical activity to ask how far we have 
advanced along the course plotted by 
Thudichum. Have we merely substi- 
tuted “enzymes” for “ferments” and 
the names of specific agents for “poisons” 
without altering the completely theoreti- 
cal nature of the concept? Or, on the 
other hand, are there some well-substan- 
tiated findings to support the prevalent 
belief that this old and stubborn disorder 
which has resisted all previous attempts 
to expose its etiology is about to yield 
its secrets to the biochemist? 

An examination of the experience of 
another and older discipline may be of 
help in the design, interpretation, and 
evaluation of biochemical studies. The 
concepts of the pathology of schizo- 
phrenia have been well reviewed recently 
(2). As a result of findings of definite 
histological changes in the cerebral cor- 
tex of patients with schizophrenia which 
were described by Alzheimer at the be- 
ginning of the present century and con- 
firmed by a number of others, an un- 
critical enthusiasm for the theory of a 
pathological lesion in this disease devel- 
oped, and this enthusiasm penetrated 
the thinking of Kraepelin and Bleuler 
and persisted for 25 years. This was fol- 


Lawrence Island); J. M. Hoare, W. L. Coon- 
rad, E, H. Muller, James Platt (Kuskokwim 
Bay-Bristol Bay area); and T. F. W. Barth 
(Pribilof Islands). The trace of the old wave- 
cut cliff is based upon study of air photographs 
and Alaska Topographic Series 1:250,000 maps. 

49. The graphs in Fig. 4 are based upon descrip- 
tions and ages of relevant specimens given in 
radiocarbon-dating lists published in Science 
113 to 127 (1951 to 1958); in F. P. Shepard, 
J. Geol. 64, 56 (1956); in L. M. J. U. van 
Straaten, Geol. en Mijnbouw, 16, 247 (1954); 
and in other sources (28-37). 


lowed by a period of questioning which 
led to the design and execution of more 
critically controlled studies and, even- 
tually, to the present consensus that a 
pathological lesion characteristic of 
schizophrenia or any of its subgroups re- 
mains to be demonstrated. 

Earlier biochemical theories and find- 
ings related to schizophrenia have been 
reviewed by a number of authors, of 
whom McFarland and Goldstein (3), 
Keup (4), and Richter (5) may be 
mentioned (6). Horwitt and others (7- 
9) have pointed out some of the diffi- 
culties of crucial research in this area. 
It is the purpose of this review to de- 
scribe the biochemical trends in schizo- 
phrenia research of the past few years, 
to discuss current theories, and to ex- 
amine the evidence which has been used 
to support them. 


Sources of Error 


Because of the chronicity of the dis- 
ease, the prolonged periods of institu- 
tionalization associated with its manage- 
ment, and the comparatively few objec- 
tive criteria available for its diagnosis 
and the evaluation of its progress, schizo- 
phrenia presents to the investigator a 
large number of variables and sources 
of error which he must recognize and 
attempt to control before he may at- 
tribute to any of his findings a primary 
or characteristic significance. 

Despite the phenomenological simi- 
larities which permitted the concept of 
schizophrenia as a fairly well defined 
symptom complex to emerge, there is 
little evidence that all of its forms have 
a common etiology or pathogenesis. The 
likelihood that one is dealing with a 
number of different disorders with a 
common symptomatology must be rec- 
ognized and included in one’s experi- 
mental design (8, 10, 11). Errors in- 
volved in sampling from heterogeneous 
populations may help to explain the 
high frequency with which findings of 
one group fail to be confirmed by those 
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of another. Recognition that any sample 
of schizophrenics is probably a hetero- 
geneous one would seem to indicate the 
importance of analyzing data not only 
for mean values but also for signifi- 
cant deviations of individual values 
from group values. The biochemical 
characteristics of phenylketonuria would 
hardly have been detected in an average 
value for phenylalanine levels in blood 
in a large group of mentally retarded 
patients. 

Most biochemical research in schizo- 
phrenia has been carried out in patients 
with a long history of hospitalization in 
institutions where overcrowding is diffi- 
cult to avoid and where hygienic stand- 
ards cannot always be maintained. It is 
easy to imagine how chronic infections, 
especially of the digestive tract, might 
spread among such patients. The pres- 
ence of amebiasis in a majority of the 
patients at one large institution has been 
reported (/2), and one wonders how 
often this condition or a former infec- 
tious hepatitis has caused the various 
disturbances in hepatic function found 
in schizophrenia. Even in the absence 
of previous or current infection, the 
development of a characteristic pattern 
of intestinal flora in a population of 
schizophrenic patients living together for 
long periods and fed from the same 
kitchen is a possibility which cannot be 
dismissed in interpreting what appear 
to be deviant metabolic pathways. 

In variety and quality the diet of the 
institutionalized schizophrenic is rarely 
comparable to that of the nonhospital- 
ized normal control. Whatever homeo- 
static function the process of free die- 
tary selection may serve is often lost be- 
tween the rigors of the kitchen or the 
budget and the overriding emotional or 
obsessive features of the disease. In the 
case of the “acute” schizophrenic, the 
weeks and months of emotional turmoil 
which precede recognition and diagnosis 
of the disease are hardly conducive to a 
normal dietary intake. Kelsey, Gullock, 
and Kelsey (13) confirmed findings of 
certain abnormalities in thyroid func- 
tion previously reported in schizophrenia 
and showed that in their patients these 
abnormalities resulted from a dietary 
deficiency of iodine, correctable by the 
introduction of iodized salt into the hos- 
pital diet. It is not surprising that a die- 
tary vitamin deficiency has been found 
to explain at least two of the biochem- 
ical abnormalities recently attributed to 
schizophrenia (9, 14-16). It is more 
surprising that the vitamins and other 
dietary constituents, whose role in me- 
tabolism has become so clearly estab- 
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lished, should so often be relegated to a 
position of unimportance in considera- 
tion of the intermediary metabolism of 
schizophrenics. Horwitt (17) has found 
signs of liver dysfunction during inges- 
tion of a diet containing borderline 
levels of protein, while nonspecific vita- 
min therapy accompanied by a high 
protein and carbohydrate diet has been 
reported to reverse the impairment of 
hepatic function in schizophrenic pa- 
tients (/8). 

Another incidental factor which sets 
the schizophrenic apart from the nor- 
mal control is the long list of therapies 
to which he may have been exposed. 
Hypnotic and ataractic drugs and their 
metabolic products or effects produce 
changes which have sometimes been at- 
tributed to the disease. Less obvious is 
the possibility of residual electrophysio- 
logical or biochemical changes resulting 
from repeated electroshock or insulin 
coma. 

Emotional stress is known to cause 
profound changes in man—in adreno- 
cortical and thyroid function (19), in 
the excretion of epinephrine and _ nor- 
epinephrine (20), and in the excretion 
of water, electrolytes, or creatinine 
(21), to mention only a few recently 
reported findings. Schizophrenic illness 
is often characterized by marked emo- 
tional disturbance even in what is called 
the basal state and by frequently exag- 
gerated anxiety in response to routine 
and research procedures. The disturb- 
ances in behavior and activity which 
mark the schizophrenic process would 
also be expected to cause deviations 
from the normal in many biochemical 
and metabolic measures—in volume and 
concentration of urine, in energy and 
nitrogen metabolism, in the size and 
function of numerous organic systems. 
The physiological and _ biochemical 
changes which are secondary to the 
psychological and behavioral state of 
the patient are of interest in themselves, 
and understanding of them contributes 
to total understanding of the schizo- 
phrenic process; it is important, how- 
ever, not to attribute to them a primary 
or etiological role. 

An additional source of error which 
must be recognized is one which is com- 
mon to all of science and which it is 
the very purpose of scientific method, 
tradition, and training to minimize— 
the subjective bias. There are reasons 
why this bias should operate to a greater 
extent in this field than in many others. 
Not only is the motivation heightened 
by the tragedy of this problem and the 
social implications of findings which 


may contribute to its solution, but the 
measurements themselves, especially of 
the changes in mental state or behavior, 
are so highly subjective, and the symp- 
toms are so variable and so responsive 
to nonspecific factors in the milieu, that 
only the most scrupulous attention to 
controlled design will permit the con- 
clusion that a drug, or a diet, or a pro- 
tein fraction of the blood, or an extract 
of the brain is capable of causing or 
ameliorating some of the manifestations 
of the disease. This is not to suggest 
that the results of purely chemical de- 
terminations are immune to subjective 
bias; the same vigilance is required there 
to prevent the hypothesis from contami- 
nating the data. In a field with as many 
variables as this one, it is difficult to 
avoid the subconscious tendency to re- 
ject for good reason data which weaken 
a hypothesis while uncritically accepting 
those data which strengthen it. Carefully 
controlled and “double blind” experi- 
mental designs which are becoming 
more widely utilized in this area can 
help to minimize this bias. 

Obvious as many of these sources of 
error are, it is expensive and difficult, 
if not impossible, to prevent some of 
them from affecting results obtained in 
this field, especially in the preliminary 
testing of interesting hypotheses. It is in 
the interpretation of these results, how- 
ever, and in the formulating of conclu- 
sions, that the investigator has the op- 
portunity, and indeed the responsibility, 
to recognize and evaluate his uncon- 
trolled variables rather than to ignore 
them, for no one knows better than the 
investigator himself the possible sources 
of error in his particular experiment. 
There are enough unknowns in our 
guessing game with nature to make it 
unnecessary for us to indulge in such a 
sport with one another. 


Schizophrenia Program of the 
Laboratory of Clinical Science 


Since 1956, the Laboratory of Clin- 
ical Science of the National Institute of 
Mental Health has been developing and 
pursuing a program of biological re- 
search in schizophrenia designed to 
minimize many of the sources of error 
discussed above while increasing the 
opportunity to detect, and to correlate 
with psychiatric and behavioral infor- 
mation, true biological characteristics if 
they exist. One of the wards houses a 
group of approximately 14 clearly diag- 
nosed schizophrenic patients, represen- 
tative of as many clinical subgroups as 
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possible, chosen from a patient popu- 
lation of 14,000. In selecting these pa- 
tients an attempt was made to minimize 
the variables of age, sex, race, and phys- 
ical illness and, on the basis of careful 
family surveys, to maximize the likeli- 
hood of including within the group in- 
dividuals representative of whatever ge- 
netic subgroups of the disease may exist 
(10). These patients are maintained for 
an indefinite period of time on a good 
diet, receiving excellent hygienic, nurs- 
ing, medical, and psychiatric care. Each 
patient receives a careful and sophisti- 
cated psychiatric and genealogical char- 
acterization, and detailed daily records 
are kept on his psychiatric and behav- 
ioral status; these, it is hoped, will be 
of value in a more complete interpre- 
tation of biological findings. No specific 
therapy is employed or even found to be 
necessary, and drugs or dietary changes 
are introduced only for research pur- 
poses and for short periods of time. The 
other ward houses a comparable num- 
ber of normal controls, who volunteer 
to remain for protracted periods of time 
on the same diet and in a reasonably 
similar milieu. We recognize, of course, 
that only a few of the variables are thus 
controlled and that any positive differ- 
ence which emerges in this preliminary 
experiment between some or all of the 
schizophrenics and the normal popula- 
tion will have to be subjected to much 
more rigorous examination before its 
significance can be evaluated. Such re- 
examination has rarely been necessary, 
since our schizophrenic patients, indi- 
vidually or as a group, have shown 
little abnormality in the biological stud- 
ies which have thus far been completed 
(9, 14, 22-24), 


Oxygen, Carbohydrate, and Energetics 


A decrease in basal metabolism was 
found in schizophrenia by earlier work- 
ers, although more recent work has not 
confirmed this (5), and theories attrib- 
uting the disease to disturbances in the 
fundamental mechanisms of energy sup- 
ply or conversion in the brain have en- 
joyed some popularity, but on the basis 
of extremely inadequate evidence, such 
as spectroscopic oximetry of the ear lobe 
or nail bed (25). Our finding of a nor- 
mal rate of cerebral circulation and 
oxygen consumption in schizophrenic 
patients (26) was confirmed by Wilson, 
Schieve, and Scheinberg (27) and, more 
recently, in our laboratory by Sokoloff 
and his associates (28), who also found 
a normal rate of cerebral glucose con- 
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sumption in this condition. These studies 
make it appear unlikely that the mod- 
erate decrease in these functions re- 
ported by Gordan and fis associates 
(29), but only in patie:us with long- 
standing disease, is fundamental to the 
disease process. These studies do not, 
of course, rule out a highly localized 
change in energy metabolism some- 
where in the brain, but cogent evidence 
for such a hypothesis has yet to be 
presented. 

Richter (5) has pointed out the un- 
controlled factors in earlier work which 
indicated that a defect in carbohydrate 
metabolism was characteristic of the 
schizophrenic disease process. The find- 
ing in schizophrenia of an abnormal 
glucose tolerance in conjunction with 
considerable other evidence of hepatic 
dysfunction (30), or evidence of an ab- 
normally slow metabolism of lactate in 
the schizophrenic (31), do not com- 
pletely exclude incidental hepatic dis- 
ease or nutritional deficiencies as pos- 
sible sources of error. Horwitt and his 
associates (32) were able to demon- 
strate and correct similar abnormalities 
by altering the dietary intake of the B 
group of vitamins. 

Evidence for greater than normal 
anti-insulin or hyperglycemic activity in 
the blood or urine of a significant seg- 
ment of schizophrenic patients was re- 
ported in 1942 by Meduna, Gerty, and 
Urse (33) and as recently as 1958 by 
Moya and his associates (34). Some 
progress has been made in concentrating 
or characterizing such factors in normal 
(35) urine as well as in urine from 
schizophrenics (36). Harris (37) has 
thrown some doubt on the importance 
of such anti-insulin mechanisms in the 
pathogenesis of schizophrenia, and it is 
hoped that further investigation may 
clarify the nature of the substance or 
substances involved and their relevance 
to schizophrenia. 

Defects in oxidative phosphorylation 
have been thought to occur in this dis- 
ease. Reports of alterations in the phos- 
phorus metabolism of the erythrocyte 
(38) await further definition and inde- 
pendent confirmation. 

Two recent reports of a more normal 
pattern of carbohydrate metabolism and 
of clinical improvement following the 
infusion of glutathione (39) in psy- 
chotic patients, some of whom were 
schizophrenic, are perhaps of interest. 
There is little verifiable evidence for a 
reduction in the blood glutathione in- 
dex in schizophrenia (9); one group 
which has repeatedly postulated this re- 
duction has done so on the basis of de- 


creasingly convincing data (16, 40), 
while our laboratory has failed to find 
it at all (14), and a very recent report 
publishes identical figures for the schizo- 
phrenic and normal groups (4/). Clin- 
ical and biochemical improvement in a 
variety of psychoses following gluta- 
thione infusion, even if it is accepted 
without the necessary controls, suggests 
at best that glutathione is of secondary 
and nonspecific import. 

It is difficult for some to believe that 
a generalized defect in energy metabo- 
lism—a process so fundamental to every 
cell in the body—could be responsible 
for the highly specialized features of 
schizophrenia. On the other hand, a 
moderate lack of oxygen, an essential 
requirement of practically every tissue, 
produces highly selective manifestations 
involving especially the higher mental 
functions and as suggestive of schizo- 
phrenia as manifestations produced by 
many of the more popular hallucino- 
gens. It may not, therefore, be com- 
pletely appropriate that, in a search for 
biochemical factors etiologically related 
to schizophrenic psychoses, the center of 
interest today appears to have shifted 
to other, more specialized aspects of 
metabolism. 


Amino Acids and Amines 


The well-controlled studies of the 
Gjessings (42) on nitrogen metabolism 
in periodic catatonia arouse considerable 
interest in that they suggest the possi- 
bility of a relationship between inter- 
mediary protein metabolism and schizo- 
phrenia, although earlier workers had 
postulated defects in amino acid me- 
tabolism in this disease (43). The hal- 
lucinogenic properties of some com- 
pounds related directly or indirectly to 
biological amines reawakened this inter- 
est, and the techniques of paper chroma- 
tography offered new and almost un- 
limited opportunity for studying the 
subject. 

The first group to report chromato- 
graphic studies of the urine of schizo- 
phrenic and control groups found cer- 
tain differences in the amino acid pat- 
tern and, in addition, the presence of 
certain unidentified imidazoles in the 
urine of schizophrenics (44). Although 
a normal group of comparable age was 
used for comparison, there is no indi- 
cation of the extent to which dietary 
and other variables were controlled, and 
the authors were properly cautious in 
their conclusions. In a more extensive 
series of studies, another group has re- 
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ported a significantly higher than nor- 
mal concentration of aromatic com- 
pounds in the urine of schizophrenic 
patients (45) and has suggested that 
there are certain qualitative differences 
in the excretion of such compounds 
(46). Others have reported the abnor- 
mal presence of unidentified amines 
(47) or indoles (48), and one group 
has reported the absence of a normally 
occurring indole (49) in the urine of 
schizophrenic patients. In some of these 
studies there appears to have been no 
control relative to possible drug therapy 
or to volume or concentration of urine, 
and in few of them was there control of 
diet. There are numerous mechanisms 
whereby vitamin deficiencies may cause 
substantial changes in the complex pat- 
terns of the intermediary metabolism of 
amino acids. In addition, the fact that 
a large number of aromatic compounds 
in the urine have recently been shown 
to be of dietary origin (50) suggests the 
need for considerably more caution than 
has usually been employed in drawing 
conclusions with regard to this variable. 
Another point which has not been em- 
phasized sufficiently is that chromato- 
graphic procedures which make possible 
the simultaneous determination of scores 
of substances, many of them unknown, 
require statistical analyses somewhat 
different from those which were devel- 
oped for the testing of single, well-de- 
fined hypotheses. It is merely a restate- 
ment of statistical theory to point out 
that in a determination of 100 different 
compounds carried out simultaneously 
in two samples of the same population, 
five would be expected to show a differ- 
ence significant at the 0.05 level! It is 
interesting to note that a more recent 
study was able to demonstrate consider- 
ably fewer differences between the 
urines of normal and_ schizophrenic 
populations and drew very limited and 
guarded conclusions (5/). In our own 
laboratory, Mann and LaBrosse (24) 
undertook a search for urinary phenolic 
acids, in terms of quantity excreted in 
a standard time interval rather than in 
terms of concentration, which disclosed 
significantly higher levels of four com- 
pounds in the urine of schizophrenics 
than in that of the normal test subjects. 
These compounds were found to be 
known metabolites of substances in cof- 
fee, and their presence in the urine was, 
in fact, better correlated with the inges- 
tion of this beverage than with schizo- 
phrenia. 

The hypothesis that a disordered 
amino acid metabolism is a fundamen- 
tal component of some forms of schizo- 
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phrenia remains an attractive though 
fairly general one, chromatography as a 
means of searching for supporting evi- 
dence is convenient and valuable, and 
preliminary indications of differences are 
certainly provocative. Proof that any of 
these differences are characteristic of 
even a segment of the disease rather 
than artifactual or incidental has not 
yet been obtained. 


The Epinephrine Hypothesis 


The theory which relates the patho- 
genesis of schizophrenia to faulty me- 
tabolism of epinephrine (52-54) is 
imaginative, ingenious, and plausible. It 
postulates that the symptoms of this dis- 
ease are caused by the action of abnor- 
mal, hallucinogenic derivatives of epi- 
nephrine, presumably adrenochrome or 
adrenolutin. By including the concept 
of an enzymatic, possibly genetic, defect 
with another factor, epinephrine release, 
which may be activated by stressful life 
situations (22), it encompasses the evi- 
dence for sociological as well as consti- 
tutional factors in the etiology of the 
schizophrenias. 

The possibility that some of the oxi- 
dation products of epinephrine are psy- 
chotomimetic received support from 
anecdotal reports of psychological dis- 
turbances associated with the therapeu- 
tic use of the compound, especially 
when it was discolored (52), and from 
some early experiments in which the 
administration of adrenochrome or ad- 
renolutin in appreciable dosage was fol- 
lowed by certain unusual mental mani- 
festations (54). A number of investiga- 
tors failed to demonstrate any hallu- 
cinogenic properties in adrenochrome 
(55), and the original authors were not 
always able to confirm their earlier re- 
sults. 

Meanwhile, reports were emerging 
from the group at Tulane University, 
suggesting a gross disturbance in epi- 
nephrine metabolism in schizophrenic 
patients. Five years previously, Holm- 
berg and Laurell (56) had demonstrated 
a more rapid oxidation of epinephrine 
in vitro in the presence of pregnancy 
serum than with serum from the um- 
bilical cord and had suggested that this 
was due to higher concentrations of 
ceruloplasmin in the former. There had 
also been a few reports of an increase 
in levels of this protein in the blood of 
schizophrenics. Leach and Heath (57) 
reported a striking acceleration in the 
in vitro oxidation of epinephrine in the 
presence of plasma from schizophrenic 


patients as compared with that from 
normal subjects and shortly thereafter 
implicated ceruloplasmin or some vari- 
ant of ceruloplasmin as the oxidizing 
substance (58). Hoffer and Kenyon 
(59) promptly reported evidence that 
the substance formed from epinephrine 
by blood serum in vitro was adrenolutin 
and pointed out how this strengthened 
the epinephrine hypothesis. 

All of the evidence does not, how- 
ever, support the epinephrine theory. In 
the past few years the major metabo- 
lites of epinephrine have been identified: 
3-methoxy-4-hydroxymandelic acid, by 
Armstrong and his associates (60), and 
its precursor, metanephrine, by Axelrod 
and his coworkers of this laboratory 
(61), where, in addition, the principal 
pathways of epinephrine metabolism in 
animals (62) and man (63) have been 
demonstrated. The metabolites of C**- 
labeled epinephrine in the urine of 
schizophrenic patients (64) and in nor- 
mal man (65) have been studied in- 
dependently by others. No evidence 
has been found for the oxidation of epi- 
nephrine via adrenochrome and adreno- 
lutin in any of these populations. Al- 
though it has been reported that there 
are appreciable amounts of adreno- 
chrome in the blood of normal subjects 
and that these amounts increase con- 
siderably following administration of ly- 
sergic acid diethylamide (66), Szara, 
Axelrod, and Perlin, using techniques 
of high sensitivity, have been unable to 
detect adrenochrome in the blood of 
normal test subjects or in that of acute 
or chronic schizophrenic patients (22). 
In a recent ingenious study of the rate 
of destruction of epinephrine in vivo, no 
difference between normal subjects and 
schizophrenic patients was found in this 
regard (67). Finally, it has been shown, 
by McDonald (9) in our laboratory and 
by members of the Tulane group them- 
selves (16), that the low level of as- 
corbic acid in the blood is an important 
and uncontrolled variable in the rapid 
in vitro oxidation of epinephrine by 
plasma from schizophrenic patients. The 
fact that McDonald has been able to 
produce wide fluctuations in the epi- 
nephrine oxidation phenomenon, from 
normal to highly abnormal rates, in 
both normal subjects and schizophrenics 
merely by altering the level of ascorbic 
acid in the blood by dietary means, and 
that this has had no effect on the mental 
processes of either group, is quite con- 
vincing evidence of the dietary and sec- 
ondary nature of the phenomenon. 

It should be pointed out that none 
of this negative evidence invalidates the 
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theory that some abnormal product of 


epinephrine metabolism, existing some- 
where in the body, produces the major 
symptoms of schizophrenia; it does, 
however, considerably weaken the evi- 
dence which has been used to support 
the theory. In addition, there is the both- 
ersome observation of numerous work- 
ers (68) that the administration of epi- 
nephrine to schizophrenics, which, ac- 
cording to the theory, should aggravate 
the psychotic symptoms, is not accom- 
panied by appreciably greater mental 
disturbance than occurs in normal sub- 
jects. 


Quite recently a new report on in- 


constant psychotomimetic effects of epi- 
nephrine oxidation products in a small 
number of subjects has appeared (69), 
with evidence suggesting that the psy- 
chotoxic, substance is neither adreno- 
chrome nor adrenolutin, that it is active 
in microgram quantities, and that it is 
highly labile. This report, like the pre- 
vious ones which described the psycho- 
tomimetic effects of epinephrine prod- 
ucts, is highly subjective and incom- 
pletely controlled. Even if these conclu- 
sions are accepted, the relevance of such 
hallucinogens to, or their presence in, 
schizophrenia remains to be demon- 
strated. 
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News of Science 


Nine-to-Eight Vote Sends 
Strauss Nomination to Senate 


By a vote of 9 to 8, the Senate Inter- 
state and Foreign Commerce Commit- 
tee, on 19 May, sent the nomination of 
Lewis L. Strauss as secretary of com- 
merce to the Senate floor. Thus, Strauss, 
who has been acting secretary since his 
recess appointment on 13 November, 
has weathered one of the longest and 
most bitter confirmation fights since the 
Coolidge administration. But the fight is 
not over for Strauss, who made many 
enemies during his 5-year tenure as 
chairman of the Atomic Energy Com- 
mission. A similar but less severe chal- 
lenge to his confirmation is expected to 
develop in the full Senate. Nevertheless, 
the critical test has been passed. 


Three Democratic Votes Decisive 


Had the 11 Democrats on the Senate 
committee voted in a block, as the Re- 
publican members did, the nomination 
would have been killed. However, Pas- 
tore (D-R.I.), Thurmond (D-S.C.), and 
Lausche (D-Ohio), acting in accord 
with previously announced intentions, 
cast the three votes which, with the Re- 
publicans’ six decided the issue for 
Strauss. The vote ended the hearings, 
which had begun more than 2 months 
earlier when committee chairman Wayne 
Magnuson (D-Wash.), who voted 
against the nomination, warned Strauss 
that there was a long and hard fight 
ahead. 


Heavy Opposition 


Opposition to the nomination came 
from several sources. Senatot Clinton P. 
Anderson (D-N.M.), who had _ been 
chairman of the Joint Atomic Energy 
Committee of Congress during much of 
Strauss’ tenure as AEC chairman, led 
the attack by concentrating on the con- 
duct of the nominee during that period. 
He suggested that Strauss had “sought 
to create myths about his accomplish- 
ments,” and that he had “made delib- 
erate efforts to avoid keeping the joint 
committee . . . informed.” Anderson was 
joined in this criticism by members of 
the Federation of American Scientists, 
represented by their incoming chairman, 
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David R. Inglis. A former chairman of 
the group, David L. Hill, continued the 
attack with more than 25 pages of pre- 
pared testimony. Another opponent was 
Senator Kefauver, who cited certain of 
Strauss’ actions in regard to the Dixon- 
Yates controversy. 

The criticism of the witnesses was di- 
rected as much at Strauss’ personality 
as at his actions as AEC chairman. Hill, 
in his testimony, suggested that the 
nominee had demonstrated a number of 
character defects during his AEC chair- 
manship that made him a bad risk in 
his new position. He suggested that 
Strauss has a “facility for repeated mis- 
representation,” that he had been guilty 
of “arrogant usurpation of authority 
and responsibility,” and that his “per- 
sonal vindictiveness toward those who 
have disagreed with his official posi- 
tions” had moved him to misuse the per- 
sonnel security system of the govern- 
ment. 


Supporters Cite Contributions 


Speaking for Strauss before the com- 
mittee were a number of scientists, ad- 
ministrators, and political figures. Ed- 
ward Teller, the nuclear physicist, said 
that Strauss had demonstrated a “long- 
standing, warm, and effective support of 
science.” Other witnesses, who in the 
main simply answered questions put to 
them by committee members, agreed 
that Strauss was a friend of science. 
John W. Bricker, former senator from 
Ohio, said that during his service on the 
Joint Atomic Energy Committee he had 
seen no evidence that Strauss had with- 
held information from the committee. 
Detlev W. Bronk, president of the Na- 
tional Academy of Sciences, cited five 
occasions when he had had contact with 
Strauss in past years. Each, he said, was 
characterized by complete cooperation 
on Strauss’ part. When asked if he had 
noticed the arrogance or dogmatism that 
the hostile witnesses had mentioned, 
Bronk said he had not and added that 
he imagined that during his own career 
as an administrator a number of his sub- 
ordinates had found him dogmatic and 
difficult, especially when he had had to 
refuse a request for more funds or for 
another secretary. Strauss’ influence on 


the decision to make the fusion bomb, 
also cited by witnesses in his behalf, par- 
ticularly impressed the committee be- 
cause of its significance for the national 
defense. 

During the course of the long hearings 
President Eisenhower spoke out a num- 
ber of times in favor of Strauss. “I 
think,” the President declared at a news 
conference, “that Secretary Strauss is 
one of the finest public servants I have 
known.” “. . . I have never heard one 
single word against his character, against 
his honesty and his ability and therefore 
I am really puzzled as to why this delay 
should occur.” 


Some Reasons for Delay 


A number of factors seemed to lie be- 
hind the long struggle over Strauss’ 
nomination. Perhaps foremost, according 
to some observers, is a singular conflu- 
ence of events. There is, as the hostile 
witnesses made clear, a solid body of 
opinion against the nominee. Apart from 
the hearings, this was demonstrated by 
the resistance that developed when it 
was learned that he was scheduled to 
address the American Physical Society 
on 1 May. Many members of the society 
formed a “Last Strauss Committee” to 
prevent his appearance. This action, al- 
though unsuccessful, indicated that the 
Federation of American Scientists was 
not alone in its reaction. This body of 
opinion of itself would have made the 
confirmation hearings difficult for 
Strauss. Another factor, however, came 
into play against him. This was the un- 
usual predisposition of the Democratic 
Congress to question the qualifications 
of the President’s various appointees to 
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office. In past years these confirmation 
hearings were usually matters of routine. 
Recently, however, Congress has been 
nothing less than militant in its attitude 
toward Eisenhower’s nominees for vari- 
ous posts of government. If the Senate 
does not cause such a furor that the 
appointee resigns, as Clare Booth Luce 
did, it rebukes the President for delay, 
as it did by rushing through its confir- 
mation of Herter as Secretary of State 
in a matter of hours. This new exercise 
of power on the part of the Congress 
compounded Strauss’ trials. The ques- 
tion for the immediate future is whether 
this same combination of positive oppo- 
sition and a rampant Congress will work 
against him when the full Senate votes, 


Britain Launches Space Program 


Britain has announced the immediate 
start of a space research program. In an 
address before the House of Commons 
in mid-May, Prime Minister Macmillan 
described the initial plans. He explained 
that there are two problems to be con- 
sidered: the nature and design of the 
instruments to be carried into space and 
the means by which the containers for 
these instruments are to be launched. 
He went on to say that, with regard to 
the first, a program has been approved 
and work will begin at once. With re- 
gard to the second, he commented that 
“there may well be scope for joint action 
with the United States . . . or with other 
countries.” 

He then reported that a team of spe- 
cialists, headed by H. S. W. Massey, pro- 
fessor of physics at University College, 
London, will visit Washington toward 
the middle of June to discuss possible 
Anglo-American cooperation. Simultane- 
ously, consultations are being held with 
the Commonwealth countries. While 
these talks are going on, however, stud- 
ies are under way on means of adapting 
British military rockets to launch satel- 
lites. Macmillan said: “This will put us 
in a position, should we decide to do 
so, to make an all-British effort.” The in- 
strument program will be supervised by 
the British National Committee on Space 
Research, which has been set up by the 
Royal Society under the chairmanship of 
Massey. 

In discussing the cost of the program, 
the Prime Minister commented: “I can- 
not give any figure of the cost of using a 
British rocket, should it be decided to 
do so. What we are doing now is to 
spend substantial, but modest, sums— 
more in hundreds of thousands of pounds 
than in millions—first, for the design of 
the instruments, and, secondly, to make 
the necessary designs for modification of 
the military rocket... .” 
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A Labour member of the House asked 
the Prime Minister if he was “satisfied 
that there is an intrinsic value in this 
work from the scientific point of view, 
rather than just an attempt to keep up 
with the Joneses.” Macmillan replied: 
“T am not, by nature or by education, 
very favourably inclined to swallow all 
that the scientists tell me, because I, 
alas, do not understand it [laughter]. 
But I am impressed by the universal 
opinion of those very distinguished peo- 
ple whom we have consulted, and I feel 
that certainly upon the scientific instru- 
ment work it is clear that Britain should 
play her part in this advancing scientific 
effort [Ministerial cheers].” 


Space a Public Issue 


The enthusiastic response to these re- 
marks reflects the degree to which a 
space program has become a public issue 
in Britain. The Government has long 
been under pressure from the Labour 
Party opposition and from a growing 
number of British scientists to enter the 
field of space, an area of scientific in- 
quiry that has until now been monopo- 
lized by the United States and the Soviet 
Union. British space research has been 
postponed primarily because of the great 
cost involved. Those who have objected 
to the launching of a space program 
have pointed out that the results of such 
research were already available from 
the United States and, to a lesser ex- 
tent, from the U.S.S.R. 

However, a number of British scien- 
tists interested in space have taken jobs 
in the United States. This, and consid- 
erations of national pride, have dis- 
turbed some members of Parliament. In 
replying to a question in the House of 
Commons on 20 April, according to the 
2 May issue of Nature, the Minister of 
Supply acknowledged that the danger of 
losing Britain’s “youngest and ablest sci- 
entists to the United States in the ab- 
sence of occasional opportunities for 
such research, even if it involved using 
equipment originally designed for a spe- 
cific military purpose, was an important 
consideration.” 

British scientists have also been stirred 
by feelings of concern for the nation’s 
prestige, and Sir Harold Spencer Jones, 
former Astronomer Royal, expressed the 
view of many when he wrote as follows 
in a feature article in the Sunday Times 
of 5 April: 

“It has been suggested that our scien- 
tists might plan experiments and design 
and construct the instrumental equip- 
ment for research with satellites and 
space-probes and ask for space in ve- 
hicles launched by another country. 
That, however, would not be appropriate 
to the prestige and standing of Britain 
in the world today. 


“As a matter of national prestige, and 
because Britain’s future depends upon 
keeping abreast of new developments, I 
am of the opinion that Britain cannot 
afford to stay outside this new field, and 
that she should embark upon a program 
of space research.” 


Scope of Britain’s Space Plans 


A special dispatch from London to 
the New York Times on 23 April indi- 
cated the direction of British space re- 
search when it quoted high government 
officials as saying that Britain’s objective 
in any earth-satellite program would be 
basic research. This would be in contrast 
to what Britain regards as the emphasis 
put on engineering by the United States. 
Another distinction, the Times said, is 
the preoccupation in the United States 
with exploring space for the ultimate 
purpose of space travel, for Britain is 
more interested in the terrestrial use- 
fulness of space exploration. 

An idea of the probable time-scale 
for the British space research program 
and of the issues that remain to be de- 
cided was provided by a press confer- 
ence that was held by Lord Hailsham, 
Lord President of the Advisory Council 
on Scientific Policy, immediately after 
the Prime Minister’s announcement to 
Parliament. Conference participants, in 
addition to Massey, included other prin- 
cipal figures in British space administra- 
tion: Aubrey Jones, Minister of Supply; 
Sir Owen Wansbrough-Jones, chief sci- 
entist of the Ministry of Supply; and Sir 
Edward Bullard, chairman of a steering 
group appointed by Hailsham. 

Massey indicated that on his United 
States trip, in addition to seeking details 
about U.S. earth satellites, he will dis- 
cuss an American offer to launch an- 
other country’s satellite, perhaps one of 
approximately 150 pounds. A British ve- 
hicle of about 1000 pounds was men- 
tioned as a possibility at the conference. 
The U.S. offer was made to COSPAR, 
the international committee for space 
research that was established by the In- 
ternational Council of Scientific Unions. 

The New York Times, in commenting 
on the press conference, indicated that 
the newsmen’s questions reflected what 
appeared to be disappointment that the 
first British satellite might have to be 
launched by means of a U.S. rocket. One 
questioner was reported to have asked 
Massey if he would say “on the record” 
whether or not he was satisfied with a 
satellite launching in which the rocket 
used was not of British manufacture. 
Massey was quoted as having replied: 
“I will go on record as saying that I 
am not at all dissatisfied with this proj- 
ect.” 

Sir Edward Bullard discussed the 
space program time-schedule with the 
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correspondents, saying, according to the 
London Times for 13 May, that the de- 
sign of instruments would take not less 
than a year, but that Britain would be 
“doing badly” if it took many years. 
The London paper reported that Lord 
Hailsham, in describing the scope of the 
program, emphasized that the Advisory 
Council on Scientific Policy had advised 
against moon launchings. He said, fur- 
ther, that no monkeys or other animals 
would be sent up in the British satellite. 


Contrast with U.S. Space Budget 


Lord Hailsham is also reported to 
have emphasized, like Macmillan, that 
the expenditure for the development of 
instruments and for the design studies 
on launching vehicles would be some 
hundreds of thousands of pounds. This 
is in striking contrast to the budget for 
this country’s National Aeronautics and 
Space Administration that was recently 
approved by the House of Representa- 
tives. On 20 May, the House passed H.R. 
7007, which authorizes appropriations to 
NASA for fiscal year 1960 in the amount 
of $480,550,000—$94,430,000 for sal- 
aries and expenses, $333,070,000 for re- 
search and development, and $53,050,- 
000 for construction and equipment. 

In his Sunday Times article, Sir Har- 
old Spencer Jones indicated how he 
feels the British Government should view 
the cost problem. 

“The cost of scientific research has 
increased enormously since the ‘string 
and sealing-wax’ days. The large optical 
telescopes in use today, the much larger 
radio-telescopes of the radio-astrono- 
mers, and the particle-accelerating ma- 
chines of the nuclear physicist, are ex- 
pensive tools. But their cost is small 
compared with even a modest pro- 
gramme of space research. It is already 
apparent, however, that scientific re- 
search must extend into space for prog- 
ress in knowledge in various directions 
to be made. Should Britain sit back and 
leave these new, important and exciting 
fields .of investigation to other coun- 
tries?” 


Future of Foreign Scientist 
Program Undecided 


The future of the Visiting Research 
Scientist Program, which allows foreign 
researchers to work in the United States, 
continues to remain in doubt pending 
some indication of continued support 
from its source of funds, the Interna- 
tional Cooperation Administration. The 
post of director at ICA has been vacant 
since last February when James H. 
Smith, Jr., an active supporter of the 
program, resigned. A new director, 
James F, Riddleberger, former ambassa- 
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dor to Yugoslavia, was appointed, but 
he has yet to assume the post. Mean- 
while, the National Academy of Sci- 
ences, which administers the program 
for ICA, continues, on the basis of al- 
ready authorized funds, to place young 
foreign scientists in university and gov- 
ernmental laboratories throughout the 
country. To date, 65 foreign researchers 
have arrived in this country under re- 
cently expanded provisions of the pro- 
gram. During an earlier phase, some 225 
scientists, mostly from Western Europe, 
studied here. 


Program Expanded 


The program was originally conceived 
in 1953. At that time it was restricted to 
the 14 European countries which were 
members of the Organization for Euro- 
pean Economic Cooperation. In May 
1958, however, after a request by the In- 
ternational Cooperation Administration, 
the program was expanded to include 
many non-European countries. As a re- 
sult, some 44 countries now send research 
workers to the United States. Of this 
total, 23 countries, including Indonesia, 
Iran, and Thailand, are represented by 
the 65 young scientists now at work at 
universities throughout the country. The 
visiting researchers, drawn from universi- 
ties, governmental scientific facilities, 
and, in a few cases, industrial labora- 
tories in their respective countries, are 
doing research on problems in their vari- 
ous fields. Under the program another 
85 researchers will arrive in this country 
after the end of the academic year, for 
periods of study ranging from 1 to 2 
years, 


Most Stay Two Years 


Although as the program was origi- 
nally set up, each grant was for a period 
of 1 year, most of the grantees avail 
themselves of the 1-year extension that 
is now offered. They are encouraged to 
do so by the academy, which feels that 
2 years’ time is needed for any significant 
research program. At the end of the first 
year, however, the academy does make 
an evaluation of the grantees’ work. A 
statement of progress is requested from 
each visitor. In addition, the grantee’s 
adviser, usually an American scientist 
at the same laboratory, is asked to com- 
ment on his foreign colleague’s work. To 
date, no grants have been terminated be- 
cause of inadequate work. 


Advisory Committees Set Up 


The National Academy of Sciences 
has set up advisory committees in the 
many foreign countries from which the 
visiting researchers are drawn. These 


groups, composed of academicians and - 


administrators, recommend candidates 
to the academy. These candidates are al- 


most invariably accepted by the aca- 
demy, which then corresponds with the 
individual to determine his field of in- 
terest and the particular research prob- 
lem which he wants to undertake. With 
this information, the program staff mem- 
bers, headed by Walter F. Colby, survey 
the university and governmental labora- 
tories in this country to determine where 
work is being done in the candidate’s 
field. After consultation with the ad- 
ministrators of these laboratories, the 
candidate is then placed in one of them. 
To date, according to Academy officials, 
no placements have been refused, and 
correspondence from both candidates 
and advisers indicates that the personal 
relationships established in this way have 
been of great value. 

When the NAS-ICA program was ex- 
panded in 1958, the problem arose of 
finding ways to maintain the standards 
that had been established during the 
period when Western Europe was the 
source of candidates. Many of the non- 
European countries did not have “sister 
academies” with which our National 
Academy could work. The problem was 
solved by setting up committees which 
were staffed by men from the universi- 
ties of the countries concerned. 


Program Works Well 


Correspondence from grantees and ad- 
visers seems to support the view of aca- 
demy officials that the Visiting Research 
Scientist Program has been working very 
well since its inception in 1954. The aims 
of the program—strengthening scientific 
activity in the free world, building inti- 
mate relationships between American 
scientists and the leading scientists of the 
future in the many countries participat- 
ing, and increasing cooperation between 
foreign scientific organizations and the 
U.S. Academy—are being accomplished. 
There is, however, concern about the 
future of the program. The great danger, 
according to academy officials, is that 
the nominating committees, which were 
set up all over the free world, will begin 
to disband, with no work to be done. 

The following excerpts from a letter 
addressed to President Eisenhower by 
one of the grantees tell of his response to 
the Visiting Research Scientist Program: 
“T am a Portuguese biologist who has 
been in the United States for the last two 
years. . . . I would like to express to the 
people of the United States in your per- 
son my thanks for the excellent oppor- 
tunity of working in this country, a stay 
that has left wonderful‘and-unforgettable 
memories. I benefited from my contact 
with American scientists and I have en- 
joyed marvelous hospitality. My wife 
and I hope that your country will be able 
to enjoy forever in peace the prosperity 
that it built with its own hands.” 
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Increased Outlay for Atom 
Smashers Asked 


Following are excerpts from a report 
released 16 May entitled “A Proposed 
Federal Program in Support of High 
Energy Accelerator Physics” which was 
prepared by a special panel appointed 
by the President’s Science Advisory 
Committee and the General Advisory 
Committee to the Atomic Energy Com- 
mission. 

There is now need to review the high 
energy accelerator program and needs at 
the Presidential level. This stems from: 
(a) the extraordinarily high cost of the 
construction and utilization of high en- 
ergy accelerators; (b) the fact that all 
support in this scientific area comes from 
the Federal Government; (c) the inter- 
est of a number of Government agencies 
in the science and technology associated 
with both the construction and the ex- 
perimental results; and (d) the desire 
to have an orderly national program tak- 
ing full account of the activities abroad. 

A number of groups within the Fed- 
eral Government have studied this prob- 
lem. The most detailed examinations 
have been made by the Advisory Panel 
on High Energy Accelerators of the Na- 
tional Science Foundation. Other ad- 
visory groups which have also been con- 
cerned with this general area are the 
President’s Science Advisory Committee, 
the General Advisory Committee to the 
Atomic Energy Commission, and the 
Defense Science Board of the Depart- 
ment of Defense. There is general agree- 
ment on the recommendations contained 
herein among the several groups listed 
above. 


The United States has 15 high energy 
accelerators in operation with energies 
above 200 MEV [million electron volts]; 
four of these have energies in excess of 
1 BEV [billion electron volts] and are 
capable of producing “strange particles.” 
The highest energy particles now avail- 
able are 6.2 BEV protons and 1.2 BEV 
electrons. Four additional accelerators 
are under construction by the Atomic 
Energy Commission; a 6 BEV electron 
synchrotron at Cambridge, Massachu- 
setts (Harvard-MIT); a 25-30 BEV 
proton synchrotron at the Brookhaven 
National Laboratory; a 12.5 BEV pro- 
ton synchrotron at the Argonne National 
Laboratory; and a 3 BEV proton syn- 
chrotron at Princeton University that 
will greatly increase the intensity avail- 
able at that energy. The Argonne and 
Brookhaven accelerators will be capable 
of producing all known types of par- 
ticles. 


Needs Reviewed 


The Committee has carefully reviewed 
the present high energy accelerator pro- 
gram in the light of the above factors 
and finds that the future United States 
requirements fall into four major cate- 
gories. 

(i) It is necessary to continue and to 
expand the support of presently operat- 
ing accelerators to assure maximum ex- 
ploitation. This requires continuous up- 
dating of facilities, expansion of research 
space, and the support of major efforts 
aimed at the augmentation of: existing 
techniques for beam analysis, particle de- 
tection and data reduction and analysis. 

(ii) It is necesssary that the accelera- 
tors now under construction be finished 


Annual high-energy physics support (in thousands of dollars) by various government 
agencies based on existing or authorized accelerators. 


Atomic energy Air National 

Fiscal commission Office of Force mes Sie 
Naval Offfice of Total 

uae Opera- Con- Research Scientific Fou nda- 

tion struction Research ta 

1946 3,900 3,900 
1947 500 4,000 4,500 
1948 3,400 600 2,400 6,400 
1949 4,800 1,600 2,200 8,600 
1950 3,400 7,500 1,600 12,500 
1951 5,900 4,100 3,300 13,300 
1952 6,300 1,700 1,600 9,600 
1953 7,600 2,300 2,400 i 12,300 
1954 7,400 1,900 1,800 270 80 11,400 
1955 8,300 1,600 1,500 320 280 12,000 
1956 10,200 3,200 1,600 610 220 15,800 
1957 16,000 7,000 2,000 930 180 26,100 
1958 19,100 12,900 3,300 1,000 210 36,500 
1959* 27,700 26,300 3,300 865 400 58,600 
1960* 36,600 20,500 3,600 950 700 62,400 
1961* 45,900 19,000 4,000 1,150 1,000 71,100 
1962* 53,700 18,800 4,400 1,250 1,500 79,700 
1963* 60,500 9,000 4,800 1,550 2,000 77,900 


* Estimated. 
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without undue delay and that adequate 
funds be provided to equip and operate 
them. It is necessary to give particular 
attention to providing early support to 
plans for initial experimental facilities 
in order that these facilities be efficient, 
flexible, and available once an accelera- 
tor is operating. 

It is clear that the Federal Govern- 
ment is committed to provide adequate 
support to those accelerators which are 
now in operation or under construction 
in order to fully exploit the capabilities 
of the instruments. Thus, regardless of 
decisions which may be made with re- 
spect to the construction of additional 
accelerators, high energy accelerator 
physics can be expected to be costing 
the Government about $75-$80 million 
annually by 1963. This figure must be 
considered as a base cost upon which 
any future forward steps must be built. 
The projected costs [shown in the accom- 
panying table] have been jointly devel- 
oped by the Atomic Energy Com- 
mission, Department of Defense and 
National Science Foundation and reflect 
the present degree of diversity of sup- 
port. 

(iii) There is a clear need for the con- 
struction and operation of additional 
accelerators both to increase the energy 
and intensity parameters and to in- 
crease the U.S. capacity for experimen- 
tation in this field. 

There does not now appear to be a 
clear need for extension of the energy 
parameter for protons beyond the 30 
BEV now in sight at the Brookhaven 
National Laboratory and CERN [the 
European center in Geneva, Switzer- 
land]. There is an immediate need for a 
moderately high intensity electron ac- 
celerator in the energy region of 10-15 
BEV. There is also a need for a high 
intensity proton accelerator at an energy 
of 8 BEV or above. Accelerators to meet 
these needs will cost approximately $15- 
$20 million each per year to build and 
operate. Thus, these two needs can be 
expected to increase the costs of high 
energy accelerator physics from $75- 
$80 million to about $120 million per 
year in the course of the next five years. 

The faculties and students of the na- 
tion’s universities have increased access 
to high energy accelerators. The addi- 
tional accelerators need not necessarily 
be unique or extreme in their energy or 
intensity characteristics in order to fully 
justify their construction at a site where 
they may exploit the unique capabilities 
of a single university or group of insti- 
tutions. It is our best judgment that by 
fiscal year 1963 an additional $15 mil- 
lion per year will be required to meet 
these needs, thus raising the total cost 
of high energy accelerator physics to be- 
tween $120 and $135 million per year 
by 1963. 


SCIENCE, VOL. 129 


Cub 
3 
t 
I 
t 
t 
1 
‘ 
] 
| 
( 
( 
( 
: 
+ 
| 
; 
pon 
4 


(iv) Research and exploratory devel- 
opment of new accelerator concepts 
must be strongly supported without 
prejudice to a later determination of 
need for full-scale construction. In ad- 
dition, in order to make optimum use 
of the accelerators, strong support will 
be required for advancing the techniques 
of particle detection, data reduction, 
and data analysis. 


Federal Responsibility Stressed 


The basic importance of research in 
the field of high energy physics and its 
high cost, well beyond private resources, 
requires the Federal Government to con- 
tinue to expand its support of this field 
consistent with valid scientific needs and 
the availability of qualified research per- 
sonnel. Consequently, government plan- 
ning must be based on the need for an 
increasing level of support from some 
$59 million in fiscal year 1959 to ap- 
proximately $135 million in fiscal year 
1963, in accordance with the needs out- 
lined above. 

It is important that the Atomic Energy 
Commission, the National Science Foun- 
dation and the Department of Defense 
each support research in high energy 
physics because of their separate respon- 
sibilities for the support of basic research, 
because of the fundamental nature and 
significance of high energy physics and 
the corresponding need for each of these 
agencies to keep in direct and intimate 
contact with the scientists in this field 
and their research. Accordingly, the con- 
struction and operation of future high 
energy accelerators should not be con- 
sidered the responsibility of any single 
Federal agency. 

The Atomic Energy Commission, De- 
partment of Defense and National Sci- 
ence Foundation should each maintain 
strong interests and contacts in the field 
of high energy accelerator physics. This 
can be achieved only through direct finan- 
cial responsibility and participation in 
the construction of high energy accelera- 
tors. The budgeting for the total cost of 
construction and operation of a particu- 
lar accelerator should be the responsi- 
bility of a single Federal agency, as sole 
agent on behalf of all, supplemented by 
appropriate coordination with the other 
agencies active in this field. 

These large particle accelerators con- 
stitute a national asset and should be 
made available to competent scientists 
elsewhere in this country and abroad 
to the fullest extent practicable. The 
support of any given accelerator project 
by a particular Federal agency should 
not be construed to prevent or limit the 
financial support of outside groups using 
the accelerator by other agencies, pub- 
lic or private. 

The parallel interest of several Fed- 
eral agencies in the support of high 
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Two-mile linear accelerator at Stanford University in California would have an initial 
energy of at least 10 BEV. 


energy physics and the impact of this 
support on national budget planning 
and programming require a coordinating 
mechanism to assure effective planning 
and review at the national level. An in- 
terdepartmental council on high energy 
accelerators should be established to as- 
sure coordination of budget and tech- 
nical planning. The membership of the 
council should consist of policy level 
representatives from the Atomic Energy 
Commission, Department of Defense 
and National Science Foundation. Tech- 
nical assistance to the council should be 
provided by the scientific staff of the 
three agencies (AEC, DOD and NSF) 
directly concerned with the administra- 
tion of high energy physics research pro- 
grams. The council should be responsible 
for continuing reformulation of national 
policies on high energy accelerator phys- 
ics and the implementation of this pol- 
icy. This should include the review and 
coordination of agency programs and 
plans in the field of high energy accel- 
erator physics and the review of agency 
proposals for new accelerators. 

There should be a review of contract- 
ing procedures by the Atomic Energy 
Commission, Department of Defense 
and National Science Foundation to as- 
sure that such procedures properly sup- 
port scientific undertakings of this mag- 
nitude and character. Present procedures 
should be revised where necessary so that 
agencies can provide funds in the con- 
tract, for a period of one to three years 
in advance, for the support of research 
operations connected with high energy 
accelerators. 

The world-wide scientific significance 
of research in high energy physics, the 
extensive, high quality of scientific ac- 


tivity abroad in this field, and the lim- 
ited number and costliness of high energy 
accelerators present a unique opportun- 
ity for a high degree of international col- 
laboration and cooperation in the plan- 
ning for and design of future accelerators 
and in the increased use of facilities. As 
a first step in the direction of interna- 
tional collaboration looking toward the 
development of new high energy accel- 
erators, representative scientific groups 
from other countries, including the 
U.S.S.R., should be encouraged to meet 
with us in order to lay plans for co- 
operative research on. new accelerator 
concepts. The National Academy of Sci- 
ences should be requested to advise on 
the best means for accomplishing this 
objective. 


Stanford Proposal Accepted 


Consistent with the needs and guide- 
lines outlined above, the following com- 
ments apply to the three major propo- 
sals before the Federal Government. 

The Stanford proposal for an electron 
linear accelerator adequately meets the 
requirement discussed above of a re- 
search need for a new electron accelera- 
tor and its technical feasibility has been 
adequately demonstrated. It should be 
supported fully with the ultimate objec- 
tive as described in the proposal and 
with an initial energy of at least 10 
BEV. It is desirable that this accelerator 
project be initiated in fiscal year 1959 
in order to avoid an undue delay in high 
energy research. Because of its depen- — 
dence on advanced microwave technol- 
ogy, this proposal should be of particular 
relevance to the interests of the Depart- 
ment of Defense. 

Although the technical feasibility 
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and research utility of the specific ac- 
celerator recently proposed by Mid- 
western Universities Research Associa- 
tion (MURA) have not been established, 
many of the important new accelerator 
concepts of recent years have come from 
the ideas and work of the MURA group. 
Continued progress in these develop- 
ments is strongly dependent on the con- 
tinuation and intensification of the 
MURA program. The group should be 
supported on a continuing basis with the 
funds and facilities necessary for its par- 
ticipating intensively in the develop- 
ment, construction and operation of high 
energy accelerators. 

The research need for a high energy 
accelerator at the Oak Ridge National 
Laboratory should be further explored 
with the Laboratory and the southern 
universities concerned. The Oak Ridge 
group should be supported in continu- 
ing design and development activities. 
The technical feasibility of the accelera- 
tor proposed by Oak Ridge has not been 
established. 


Panel Members 


Jesse W. Beams, chairman, depart- 
ment of physics, University of Virginia 
Hans A. Bethe, professor of physics, 
Cornell University 

Leland J. Haworth, director, Brook- 
haven National Laboratory 

Edwin M. McMillan, director, Law- 
rence Radiation Laboratory, University 
of California 

Emanuel R. Piore, chairman, director 
of research, International Business Ma- 
chines Corporation 


Training Center for U.N. Fellows 


A new type of regional training cen- 
ter for United Nations fellows, with 
headquarters at the University of British 
Columbia in Vancouver, B.C., will en- 
able trainees from underdeveloped coun- 
tries to study activities in fields such as 
hydroelectric power, water development, 
geology, mining, forestry, land manage- 
ment, cooperatives, credit unions, social 
welfare, and public administration. In 
contrast to training centers that provide 
formal lectures and group field trips, 
the Vancouver center will draw up indi- 
vidual training plans designed to fill the 
specific needs of each fellow. 

The rivers, forests, cities, and indus- 
tries of western Canada and northwest- 
ern United States will serve as 4 lab- 
oratory. A trainee selected under the 
U.N. technical assistance program may 
enroll for classroom instruction, if ap- 
propriate, or he may carry out guided 
studies under faculty supervision. In 
addition, he will be given opportunity 
for first-hand observation in his specialty 
in a field agency or governmental lab- 
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oratory. Western Canada and the north- 
western United States were chosen be- 
cause in the past 50 years these areas 
have experienced unusual expansion in 
population and unusually rapid eco- 
nomic development. 

Under a three-way agreement, the 
United Nations will supply fellowships 
for the trainees and will provide a di- 
rector and an administrative officer. The 
University of British Columbia will pro- 
vide instruction and guidance for the 
fellows, as well as office space for the 
center. The Canadian Government, sub- 
ject to parliamentary approval, has 
offered a special annual grant of $10,000 
to the U.N. for operation of the center, 
to be made in each of three consecutive 
fiscal years, beginning in 1959-60. In 
addition, the United States Government 
has made the facilities of its agencies in 
the northwestern states available to the 
trainees. 

The director of the center will be 
Albert Lepawsky of the department of 
political science, University of Califor- 
nia, Berkeley, who was a member of the 
U.N. technical assistance survey mission 
to Bolivia in 1950. Fellowships for the 
center will be provided under the pres- 
ent technical assistance program of the 
United Nations and related agencies. 


Federal Court Asked to 
Halt Atomic Tests 


The Federal Court of Appeals, Wash- 
ington, D.C., was asked in an action filed 
last month to order the United States to 
halt nuclear tests. The appeal was made 
by a group of 39 people, including sci- 
entists, churchmen, Japanese fishermen, 
and residents of the Marshall Islands. 
Among the plaintiffs were Linus Pauling, 
Nobel Prize winner in chemistry and pro- 
fessor at California Institute of Tech- 
nology, and Bertrand Russell, British 
mathematician and philosopher. 

The group asked the Court of Appeals 
to reverse a ruling that was handed down 
by District Judge Richmond B. Keech 
last July. At that time he dismissed two 
similar suits, saying the complaints had 
failed to show a controversy within the 
court’s jurisdiction. He also held that 
none of the 39 plaintiffs had standing to 
sue. The appeal will probably be heard 
by the court next fall. 


Edison Awards 


The Thomas Alva Edison Foundation 
awarded special citations to the follow- 
ing at a luncheon in New York on 20 
May as a part of the foundation’s con- 
tinuing program to improve the presen- 
tation of science to youth. 

The Scientific American, Girard Piel, 


publisher, in recognition of distinguished 
educational service to the nation by ad- 
vancing the understanding of science 
through accurate, informative, and vivid 
reporting of the latest scientific develop- 
ments. 

Union County Regional High School 
District No. 1, Springfield, N.Y., in rec- 
ognition of distinguished educational 
service to the nation for special excel- 
lence in developing more effective teach- 
ing of science. 

A Parent’s Guide to Children’s Read- 
ing, by Nancy Larrick (Doubleday and 
Pocket Books), in recognition of distin- 
guished educational service . . . in the 
development of wholesome reading by 
young people. 

Gilberton Company, Inc., for publish- 
ing The Illustrated Story of Space, one 
of the series “The World Around Us,” as 
“the best science comic book.” 


AEC Power Program Approved by 
Joint Congressional Committee 


The legislative subcommittee of the 
Joint Atomic Energy Committee of the 
Congress has approved, almost without 
change, the atomic power program put 
forth early this year by John A. Mc- 
Cone, chairman of the Atomic Energy 
Commission. This action confirms the 
growing belief that a new harmony has 
developed between the committee and 
the commission. In past years, when 
Lewis L. Strauss was chairman, this re- 
lationship had been very stormy. 

The commission had requested $49.5 
million for the construction of five pro- 
totype atomic power plants, either by 
the Government or by industry with 
government aid. Only three new proj- 
ects were added to the total program, 
which, when it was first submitted, was 
characterized as “wholly inadequate.” 
These new projects are a reactor of ad- 
vanced design, to be built in Puerto 
Rico; a prototype plant of 30,000- to 
75,000-kilowatt capacity; and another 
plant to be built for a rural cooperative 
or public power company by the com- 
mission. 


Inter-American Nuclear Energy 
Commission to Hold First Meeting 


The Organization of American States, 
Pan American Union, Washington, D.C., 
is establishing an Inter-American Nu- 
clear Energy Commission to plan for the 
peaceful application of nuclear energy 
in the Western Hemisphere. The stat- 
utes for the commission were approved 
by the council of the OAS on 22 April. 
The new organization will hold its first 
meeting at the Pan American Union, 
probably in October. 
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The commission is being formed to: 

1) Act as a consultative body in tech- 
nical, economic, and administrative 
problems in nuclear science and tech- 
nology. 

2) Assist the member states in devel- 
oping a coordinated plan for research 
and training in the nuclear sciences. 

3) Upon request from the member 
states, assist in solving specific problems 
of nuclear energy programs. 

4) Provide a channel for scientific 
communication. The commission plans 
to publish a bulletin that will report ac- 
tivities in the nuclear sciences in the 
Americas. Conferences will be organized 
and sponsored by the commission to ex- 
change knowledge about the peaceful 
application of nuclear energy. 

The commission will be made up of 
one representative, “familiar with the 
nuclear energy programs of his country,” 
from each of the 21 OAS member na- 
tions and will be headed by a chairman 
and vice-chairman elected for 1-year 
terms. Its secretariat will form part of 
the staff of the Pan American Union. 
Jesse D. Perkinson, Jr., chief of the 
Division of Science Development of the 
Union, has been appointed executive sec- 
retary of the commission. Creation of the 
new body is a result of the recommenda- 
tions of the Inter-American Committee 
of Presidential Representatives, which 
was led by Milton Eisenhower, presi- 
dent, Johns Hopkins University. 


Chinese Scientific Literature 


The Lending Library Unit of Britain’s 
Department of Scientific and Industrial 
Research has started to collect Chinese 
scientific literature. About 150 Chinese 
periodicals are now on regular order, 
and the first batch has. arrived at the 
library’s London premises (5-11 Regent 
St., London, SW 1). 

Already the Lending Library Unit is 
noted for its large collection of Russian 
scientific literature, which is available 
to research, industrial, and other organi- 
zations. The library has also organized a 
scheme for translating Russian sci- 
entific literature in collaboration with 
the U.S. National Science Foundation. 
This project may possibly be extended 
in the future to include scientific litera- 
ture from China. Meanwhile, the con- 
tents of these Chinese publications must 
be assessed, and a scientist with a knowl- 
edge of Chinese is being recruited by 
LLU to select and promote use of Chi- 
nese scientific and technological litera- 
ture. 

The Lending Library Unit in London 
is the nucleus of the new National Lend- 
ing Library for Science and Technology, 
which will be set up at Thorp Arch, near 
Boston Spa, Yorks, in 1961. 
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News Briefs 


The first medical research contract to 
be placed by the International Atomic 
Energy Agency was awarded in May to 
the department of clinical therapeutics 
of the University of Athens. Investiga- 
tions with radioisotopes are expected to 
help in the treatment of certain types of 
anemia and of echinococcosis, a parasi- 
tic disease which forms cysts in the lungs 
and liver. These disorders are common 
in Greece as well as in several other sub- 
tropical regions of the world. 

& 

The Smithsonian Optical Tracking 
Station at Woomera, Australia, has suc- 
cessfully photographed the Vanguard I 
earth satellite at the apogee of its orbit, 
nearly 2500 miles from the earth. No 
other object as small as this 6-inch 
sphere has been photographed from such 
a distance. The Woomera station is op- 
erated for the National Aeronautics and 
Space Administration as a part of its 
world-wide network of tracking stations. 

The National Aeronautics and Space 
Administration has formed a Commit- 
tee on Long-Range Studies to deal with 
such nontechnical issues as the interna- 
tional, social, economic, and legal effects 
of space research and exploration. The 
committee’s responsibilities center 
around that portion of the National 
Aeronautics and Space Act of 1958 
which calls for “studies of the . . . prob- 
lems involved in the utilization of aero- 
nautical and space activities for peace- 
ful and scientific purposes.” Chairman 
of the committee is John A. Johnson, 
NASA’s general counsel, and the execu- 
tive secretary is Jack C. Oppenheimer, 
formerly attorney adviser in the Office of 
the Solicitor, Department of the Interior. 

More than 2000  research-minded 
undergraduates will be given an oppor- 
tunity, beginning this summer, to partici- 
pate in biological, physical, and engi- 
neering research directed by college and 
university faculty members under a 
grant program announced in May by the 
National Science Foundation. The foun- 
dation has allocated $1,700,000 for the 
program to about 200 colleges and uni- 
versities widely distributed throughout 
the nation. A list by states of the insti- 
tutions to which grants have been made, 
and of the names of the directors, may 
be obtained from NSF, Washington 25, 
D.C. 

The Soviet magazine Ogonyok has 
published a public apology to Norbert 
Wiener, the American mathematician, 
for the denunciation of him and his 
work in cybernetics by the Soviet press 
during the period of Stalin’s rule. Cy- 
bernetics, a field which Wiener is gen- 


erally regarded to have founded, was 
heavily ridiculed in Russia during the 
early postwar years, and Wiener was de- 
nounced as an “obscurantist.” The au- 
thor of the apology, essayist Marietta 
Shaginyan, said that public recognition 
of the error in regard to Wiener’s work 
was necessary to assure that those re- 
sponsible do not repeat their errors in 
the future. 
& @ -& 

The first mossy-throated bellbird ever 
seen alive in any zoo has gone on exhi- 
bition in the Bronx Zoo’s bird house. The 
specimen is one of the greatest rarities in 
the bird world; the name comes from 
the black, moss-like strings of flesh that 
hang in a large patch on the bird’s 
throat. The Bronx Zoo specimen was 
captured on 6 April in the mountains of 
northern Trinidad by William G. Con- 
way, curator of birds. 

In Canada, a $600,000 contract for a 
design study of a new type of nuclear 
power reactor has been awarded to the 
Canadian General Electric Company, 
Limited. The reactor, known as OCDRE 
(Organic-cooled, Deuterium-moderated 
Reactor Experiment), is somewhat dif- 
ferent from the type of nuclear reactor 
that Canada has developed to date; an 
organic liquid rather than heavy water 
is used to transfer heat from the uranium 
fuel to the steam generators. There has 
been a growing interest in the use of or- 
ganic liquids as reactor coolants, for they 
cost about 40 cents a pound, compared 
to $28 a pound for heavy water. 

2 


Twenty-six Southern California high- 
school juniors have been selected for an 
intensive 7-week summer course in sci- 
ence, mathematics, and satellite-tracking 
at the Thacher School near Ojai. The 
course—first of its kind in the West and 
extending from 23 June to 11 August— 
is being sponsored by California Institute 
of Technology, the Helms Foundation, 
the Hughes Aircraft Company, the 
Ralph B. Lloyd Foundation, and the 
Thacher School. Richard Sutton, direc- 
tor of relations with secondary schools 
at C.I.T., is chairman of the program’s 
executive committee. 

The Canadian Society of Plant Physi- 
ologists was founded last fall at a meet- 
ing in Saskatoon, Saskatchewan. The 
new society grew out of a series of an- 
nual research conferences on plant phys- 
iology that had been held at various 
Canadian universities and research. insti- 
tutions over a period of 8 years. The 
president of the new society is Paul R. 
Gorham. Correspondence should be ad- 
dressed to the secretary-treasurer, D. 
Siminovitch, Chemistry Division, Can- 
ada Department of Agriculture, Ottawa, 
Canada. 
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Scientists in the News 


DON W. FAWCETT, professor and 
head of the department of anatomy at 
Cornell University Medical School since 
1955, has been appointed Hersey pro- 
fessor of anatomy and head of the de- 
partment at Harvard University, effec- 
tive 1 July. 


Lt. Gen. JAMES H. DOOLITTLE, 
chairman of the board of directors of 
Space Technology Laboratories, Inc., 
Los Angeles, Calif.. has been awarded 
the Public Welfare Medal of the Na- 
tional Academy of Sciences, for “emi- 
nence in the application of science to 
the public welfare.” 


C. H. FISHER, director of the U.S. 
Department of Agriculture’s Southern 
Utilization Research and Development 
Division, has received the 1959 Herty 
Medal of the American Chemical So- 
ciety’s Georgia section. 


H. J. GREENBERG, acting manager 
of the International Business Machines 
Corporation’s engineering science de- 
partment, has been appointed manager 
of the mathematics theory department 
at I.B.M.’s Lamb Estate Research Cen- 
ter in Cortlandt, N.Y. 


GERHARD J. HILDEBRAND has 
been appointed research physiologist at 
the Naval Biological Laboratory, School 
of Public Health, University of Califor- 
nia, Berkeley. 


JAMES A. REYNIERS, professor of 
bacteriology and founder and director of 
the Lobund Institute at the University 
of Notre Dame, has been appointed di- 
rector of the Germfree Life Research 
Center, Tampa, Fla. 


VINCENT pu VIGNEAUD, profes- 
sor of biochemistry at Cornell University 
Medical College, has been named an 
honorary fellow of the Royal Institute 
of Chemistry, London, England. 


THOMAS B. DREW, professor of 
chemical engineering and chairman of 
the nuclear engineering program at Co- 
lumbia University, has been appointed 
visiting professor of chemical engineer- 
ing at Massachusetts Institute of Tech- 
nology for the academic year 1959-60. 
He will be on sabbatical leave from Co- 
lumbia University. 


MILDRED ALLEN, professor of 
physics at Mount Holyoke College, and 
ALICE H. FARNSWORTH, chairman 
of Holyoke’s astronomy department for 
more than 30 years, will retire on 1 July. 
Miss Allen, who received her A.B. 
from Vassar and her Ph.D. from Clark 
University, first taught at Mount Hol- 
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yoke from 1918-20, and again between 
1923-26. She has been on the faculty 
since 1933, and for 7 years she served 
as department chairman. Particularly in- 
terested in mechanics, intermediate elec- 
tricity, heat, and optics, she has con- 
ducted research under C. L. Norton at 
Massachusetts Institute of Technology, 
W. F. G. Swann at Yale University and 
at the Bartol Research Foundation of 
the Franklin Institute; C. E. Howe at 
Oberlin College; and P. W. Bridgman 
at Harvard University. 

Miss Farnsworth was graduated from 
Mount Holyoke in 1916 and returned in 
1920 with M.S. and Ph.D. degrees from 
the University of Chicago, where she 
taught for a year. She was also a Mariin 
Kellogg fellow at the Lick Observatory, 
University of California. Her principal 
research has been concerned with the 
space-absorption and luminosity function 
of stars in a region of the constellation 
Cassiopeia. She has also published nu- 
merous reports on occultations of stars 
with the moon, as well as on observa- 
tions on sun spots which have been car- 
ried on continuously at Mount Holyoke 
since 1900. 


MOSES G. JACOBSON recently re- 
tired from his position as research physi- 
cist with the technical products division 
of Mine Safety Appliances Company, 
Pittsburgh, Pa. He will remain with the 
company as a consultant, 


OSMUND T. FUNDINGSLAND, 
manager of the microwave physics labo- 
ratory of Sylvania Electric Products, 
Inc., has been appointed director of re- 
search at the Raytheon Manufacturing 
Company, Waltham, Mass. 


The following scientists have received 
the Department of Defense Distinguished 
Civilian Service Award, the highest 
honor conferred on civilian employees. 

WALLACE E. DIETRICH, Jr., su- 
pervisory general engineer, Bureau of 
Ships, Department of the Navy, for out- 
standing contribution to the design of 
ships for the Navy through develop- 
ment of a special analog computer. 

HERBERT FRIEDMAN, §superin- 
tendent, Atmosphere and Astrophysics 
Division, U.S. Naval Research Labora- 
tory, Department of the Navy, for de- 
velopment of radiation detection devices 
and the conduct of important research 
in astronomy and astrophysics, including 
the first ultraviolet rocket survey of the 
celestial sphere. 

EZRA KOTCHER, technical direc- 
tor, Wright Air Development Center, 
Wright-Patterson Air Force Base, De- 
partment of the Air Force, for excep- 
tional contributions during the past 12 
years to “strategic concepts and decisions 
of the greatest importance to the defense 
of the United States and the free world.” 


JOHN S. PATTON, air intelligence 
specialist, headquarters, U.S. Air Force, 
Department of the Air Force, for his 
outstanding accomplishments as an engi- 
neer, scientist, and educator over a pe- 
riod of 30 years. 

ALVIN G. WAGGONER, civilian 
executive assistant to the director of 
guided missiles, Office of the Secretary of 
Defense, and executive secretary of the 
Office of the Secretary of Defense Bal- 
listic Missiles Committee, in recognition 
of his exceptional contributions to the 
national guided missile and space pro- 
gram. 


ESA HYYPPA, director of the Pleis- 
tocene Division of the Finnish Geologi- 
cal Survey, will visit this country in July 
and August to inspect evidence con- 
nected with the ice age. Appointments 
for conferences with Hyyppa on his trav- 
els in the Middle West, Far West, and 
Canada may be made with Prof. R. J. 
Lougee, Clark University, Worcester, 
Mass. 


MILES D. McCARTHY, chairman 
of the department of zoology at Pomona 
College, will resign next fall to become 
chairman of the science division of the 
new Orange County State College at 
Fullerton, Calif. 


The Royal Society, London, England, 
has elected the following new foreign 
members: 

MELVIN CALVIN, physical chemist 
at the University of California. 

GERHARD DOMAGEK, bacteriolo- 
gist at the University of Munster, Ger- 
many, and director of the Farbenfabri- 
ken Bayer Research Laboratories. 

JAN H. OORT, astronomer and spe- 
cialist in galactic structure at the Uni- 
versity of Leiden, the Netherlands. 

AXEL H. T. THEORELL, enzyme 
chemist at the Nobel Medical Institute, 
Stockholm, Sweden. 


JOHN A. D. COOPER, professor of 
biochemistry at Northwestern Univer- 
sity, has been named associate dean of 
the university’s Medical School. 


Sir SOLLY ZUCKERMAN, deputy 
chairman, Advisory Council on Scien- 
tific Policy; Office of the Lord President 
of the Council, Privy Council Office, 
London, will lecture at California Insti- 
tute of Technology during the months 
May and June. He will also visit New 
York and Washington. 


CHARLES YANOFSKY, assistant 
professor of biology at Stanford Univer- 
sity, has received the $1000 Eli Lilly 
Award for outstanding research in mi- 
crobiology. The presentation took place 
at a recent banquet of the Scciety of 
American Bacteriologists. 
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The following awards were among 
those presented during the American 
Chemical Society’s 135th national meet- 
ing. 

CEDOMIR M. SLIEPCEVICH, as- 
sociate dean and head of the University 
of Oklahoma School of Engineering, 
has received the $3000 Ipatieff Prize. 

FRANTISEK SORM, general secre- 
tary of the Czechoslovak Academy of 
Sciences and director of the academy’s 
Chemical Institute, has received the 
Fritzsche Award, sponsored by Fritzsche 
Brothers, Inc., New York. 

HARRY F. LEWIS, vice president 
and past dean of the Institute of Paper 
Chemistry, Appleton, Wis., has received 
the Scientific Apparatus Makers Award. 

JOHN E. WILLARD, dean of the 
University of Wisconsin Graduate 
School, has received the ACS Award for 
Nuclear Applications in Chemistry, 
sponsored by the Nuclear Chicago Cor- 
poration. 

ERNEST M. GRUNWALD of the 
Florida State University, has received 
the ACS Award in Pure Chemistry, 
sponsored by Alpha Chi Sigma. 

JAMES I. HOFFMAN, head of the 
metallurgy division of the National Bu- 
reau of Standards, Washington, D.C., 
has received the Fisher Award in Ana- 
lytical Chemistry. 

PAUL BERG of Washington Univer- 
sity has received the Eli Lilly and Com- 
pany Award in Biological Chemistry. 

CHARLES A. ZITTLE of the U.S. 
Department of Agriculture’s Eastern Re- 
gional Research Division, Philadelphia, 
has received the ACS Award in the 
Chemistry of Milk, sponsored by the 
Borden Company Foundation, Inc. 

JOHN C. SHEEHAN of the Massa- 
chusetts Institute of Technology has re- 
ceived the ACS Award for Creative 
Work in Synthetic Organic Chemistry, 
sponsored by the Synthetic Organic 
Chemical Organization. 

EDWIN R. GILLILAND of Massa- 
chusetts Institute of Technology has re- 
ceived the ACS Award in Industrial and 
Engineering Chemistry, sponsored by the 
Esso Research and Engineering Com- 
pany. 

GEORGE C. PIMENTEL of the Uni- 
versity of California has received the 
ACS Award in Petroleum Chemistry, 
sponsored by the Precision Scientific 
Company. 

H. HOWARD CARY, president of 
the applied Physics Corporation, Mon- 
rovia, Calif., has received the Beckman 
Award in Chemical Instrumentation. 

MINOR J. CONN of the University 
of Michigan has received the Paul-Lewis 
Laboratories Award in Enzyme Chem- 
istry. 

FLOYD E. BARTELL of the Univer- 
sity of Michigan has received the Ken- 
dall Company Award in Colloid Chem- 
istry. 
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JOHN RODGERS, associate profes- 
sor of geology at Yale University, has 
been awarded a National Science Foun- 
dation senior postdoctoral fellowship and 
will take a year’s leave of absence to 
study the structural geology of the Al- 
pine ranges with Paul Fallot, professor 
at the Collége de France, Paris. Rodgers 
will return to Yale in September 1960. 

S. WARREN CAREY, professor at 
the University of Tasmania, Australia, 
will be visiting professor of geology at 
Yale University during the academic 
year 1959-60. 


LEONARD BERTIN, formerly with 
Financial Post, Toronto, Canada, has 
joined the Toronto Daily Star and the 
Star Weekly as science editor. 


BRUCE H. BILLINGS, vice presi- 
dent and director of Baird-Atomic, Inc., 
Cambridge, Mass., has been appointed 
assistant director of research and engi- 
neering, Department of Defense. 


CHAJIRO LONIZAWA of the Na- 
tional Institute of Agricultural Sciences, 
Tokyo, Japan, will spend 3 months this 
summer working at the Insect Physiol- 
ogy Laboratory of the Entomology Re- 
search Division, U.S. Department of 
Agriculture. 


JAMES H. MEANS, Jackson profes- 
sor emeritus of clinical medicine at 
Harvard University and former chief of 
medical services ‘at the Massachusetts 
General Hospital, delivered the annual 
Gay lecture on medical ethics at the Har- 
vard Medical School. 


HANS NEURATH, professor of bio- 
chemistry and executive officer at the 
University of Washington, has been pre- 
sented with a citation from the Austrian 
federal minister of education for out- 
standing merit in making the 4th Inter- 
national Congress of Biochemistry a suc- 
cess. 


AKE HANNGREN of the University 
of Stockholm’s Karolinska Hospital, 
Stockholm, Sweden, and a specialist in 
the study and treatment of tuberculosis 
and chest diseases, will be at the Uni- 
versity of Chicago’s department of phar- 
macology for 6 months. He will join 
Lloyd J. Roth, associate professor of 
pharmacology in a study of new anti- 
tuberculosis drugs. 


RICHARD F. POWELL, professor of 
chemistry at the University of California, 
Berkeley, has received the College 


Chemistry Teacher Medal of the Manu- 
facturing Chemists’ Association. The 
$1000 prize will be presented on 11 June 
at the association’s 87th annual meeting, 
which was held in White Sulphur 
Springs, W. Va. 


WALTER M. ELSASSER, professor 
of theoretical physics at Scripps Institu- 
tion of Oceanography and the University 
of California, La Jolla, has received the 
William Bowie Medal of the American 
Geophysical Union. 


Recent Deaths 


ELMORE E. BUTTERFIELD, New 
York; 77; retired physician and chemi- 
cal consultant; specialist in hematology 
and pathology; chief chemist at the 
chemical and physical testing labora- 
tories of the Queens Borough President’s 
office, 1918-29; instructor in pathology 
at the University of Michigan, 1904-06; 
author of A History of the Lorentz 
Transformations in Mathematical Phys- 
ics; 16 May. 

EDWARD W. GIFFORD, Berkeley, 
Calif.; 71; retired in 1957 as professor 
of anthropology at the University of 
California; associate curator of the uni- 
versity’s Anthropology Museum before 
joining the faculty in 1920 as a lecturer; 
vice president of the American Anthro- 
pology Association in 1943; 15 May. 

CARROLL W. GRIFFIN, Pough- 
keepsie, N.Y.; 58; chairman of the de- 
partment of chemistry at Vassar College, 
and a faculty member since 1932; re- 
search associate in chemistry at Rutgers 
University, 1931-32; chairman of the 
department of chemistry at Mississippi 
Woman’s College, 1929-31; former as- 
sociate professor of chemistry at Brenau 
College (Ga.); author of sections in his 
field in the Encyclopedia Americana, 
and of a textbook, /norganic Quantita- 
tive Analysis; 4 May. 

GEORGE T. JORDAN, Vermillion, 
S.D.; 83; retired Chicago physician and 
a former president of the National As- 
sociation of Ophthalmologists; at his 
death, chief of staff at the Dakota Hos- 
pital, and a faculty member of South 
Dakota University’s Medical School; 
former head of the Eye, Ear, Nose and 
Throat Department of Mercy Hospital, 
Chicago; had taught at Loyola Univer- 
sity; 17 May. 

J. GORDON LEE, Silver Spring, 
Md.; 56; noted for his work on head and 
neck surgery; chief surgeon at the Mount 
Alto Veterans Administration Hospital, 
Washington, D.C., since 1948; adjunct 
professor of clinical surgery at the medi- 
cal schools of Georgetown and George 
Washington universities; founder of the 
American Board of Traumatic Surgery; 
11 May. 

ANTOINETTE R. PETERSON, 
New York; 88; founder and treasurer of 
the old Child Health Organization, that 
merged in 1923 with the American Child 
Hygiene Association to form the Amer- 
ican Child Health Association; had 
worked with the late L. Emmett Holt, 
famous child specialist: 19 May. 
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Book Reviews 


The American College President. Harold 
W. Stoke. Harper, New York, 1959. 
ix + 180 pp. $3.50. 


This is a good book in every respect. 
College and university presidents who 
read it will find themselves nodding in 
agreement and wanting to make it re- 
quired reading for faculty members, 
trustees, and publicists. 

Stoke, in this nicely written explana- 
tion and interpretation of the job of col- 
lege president, has proved himself to be 
an analyst of a high order. As president 
of Queens College, he knows all of the 
urges, ambitions, and challenges, all of 
the joys, exhilarations, and satisfactions 
involved; but he also shows a keen ap- 
preciation of the causes of vicissitudes, 
frustrations, and failures which fall to 
the lot of the vast majority of college 
presidents. 

It is really quite an accomplishment 
that in 171 pages the author has been 
able to weave into one meaningful 
tapestry so many divergent factors 
whose haphazard occurrence makes the 
president’s calendar interpretable only 
to himself and his secretary. Stoke deals 
with problems concerning fund-raising, 
academic freedom, the “pathology of 
administration,” deans, in loco parentis, 
alumni, intercollegiate athletics, “duty 
speeches,” fringe benefits, “learning ver- 
sus competence,” curricular changes, 
proliferation, faculty rivalries, salaries, 
budgets, correspondence galore, public 
versus private institutions, management 
skills, higher education as big business, 
selection of new faculty members, visit- 
ing speakers, publications, fraternities, 
student rating of professors, campus ten- 
sions, tenure, clinics of all kinds, house- 
keeping problems, more “duty speeches,” 
more correspondence, and more fund- 
raising. Into this tapestry he weaves all 
of those things under the chapter head- 
ings: “The vested authority,” “Personal 
problems,” ““The administrator,” “Every- 
thing takes money,” “Boards of trustees,” 
“Public relations,” “Among the schol- 
ars,” “The students,” “The uneasy cam- 
pus,” and a final splendid chapter on 
“The uses of a philosophy of educa- 
tion.” 

In his preface Stoke says that this 
book is meant to be “an interpretation 
of an important part of higher educa- 
tion, a report on some of the problems 
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of the president, and an indication of 
some of the pleasures and pains of his 
position.” He says that he has written 
these comments for “administrator, fac- 
ulty member, alumnus, trustee, and the 
general reader,” for everyone “who is 
genuinely concerned about the improve- 
ment of American higher education.” 

Now if other college presidents some- 
how can get their faculty members, their 
trustees, and other persons of influence 
to read this book, the average tenure in 
office of presidents (now 4 years). may 
be lengthened to approach the 6 years 
enjoyed by football coaches. Great 
strides in the advancement of American 
education would then result. 

Cianton W. WILLIAMS 

University of Houston 


Physiology of Fungi. Vincent W. Coch- 
rane. Wiley, New York; Chapman & 
Hall, London, 1958. xiii+524 pp. 
Illus. $9.75. 


The history of mycology has, in a 
sense, been a miniature of the history 
of biology as a whole. The early studies 
on fungi were primarily taxonomic; they 
were followed by a period of mor- 
phology, and later the comparative ap- 
proach was adopted. Finally, there has 
been a period of physiological and bio- 
chemical studies. Of course, this history 
reflects an expansion rather than a suc- 
cession, because the specialties which 
began early have remained as vigorous 
and essential components of the disci- 
pline. Moreover, each specialty did not 
begin immediate, rapid growth, but ex- 
hibited a sort of growth curve. The study 
of some aspects of the physiology of 
fungi, for example, began relatively 
early; other aspects which required more 
sophisticated techniques or backgrounds 
drawn from other disciplines have be- 
gun only recently. In any event, it is 
perhaps an indication of the recentness 
of the widespread study of the physi- 
ology of fungi that there was no single, 
reasonably complete treatise on the sub- 
ject before World War II. It is a meas- 
ure of the rapid growth of the field that 
five monographs in English have ap- 
peared during the past decade. 

The first question that a reviewer 
should attempt to answer is “How does 


this book compare with its predeces- 
sors?” In the case of Physiology of 
Fungi, one answer is simple: it is with- 
out doubt the most comprehensive and 
best balanced book on the subject that 
has yet appeared. Substantiation for this 
assertion is only partially to be found 
in the chapter headings, because each 
chapter contains many subheadings and 
a multitude of facts. The major topics 
treated are: growth of fungi, the compo- 
sition of fungus cells, carbon, nitrogen, 
inorganic nutrition and metabolism, vita- 
min requirements, reproduction, spore 
germination, and the action of physical 
and chemical agents on fungi. Discussion 
of all of these topics is available in one 
or another of the books published in the 
last decade, but here they are all in one 
book, and the space allotted to each is 
equitable. 

The very comprehensiveness of the 
book is responsible for one of its limita- 
tions, because, even with the field of 
coverage limited to the physiology of 
filamentous fungi and aerobic actino- 
mycetes, it treats such a multiplicity of 
subjects that it is impossible for an au- 
thor to discuss any one topic in detail. 
For the most part, however, the book is 
more than an annotated bibliography. 
The references were selected carefully, 
and the material was evaluated critically 
and interpreted objectively, albeit briefly. 
In most cases, the papers referred to 
must be consulted for details. The book 
is logically organized and is written in a 
clear, conservative style. Despite the 
winnowing of references, the bibliogra- 
phy is extensive. 

Some people will be disappointed that 
Physiology of Fungi is not a textbook, 
but it is much too detailed for use 
in any but advanced courses. On the 
other hand, advanced students as well 
as professional workers in mycology, 
plant physiology, “microbiology,” and 
cellular physiology will find this schol- 
arly book a useful and perhaps stimu- 
lating reference work. As an inventory 
of the present status of knowledge con- 
cerning the physiology of fungi, the book 
should help to promote the further 
growth of the field. 

Rosert M. Pace 
Department of Biological Sciences, 
Stanford University 


Colorimetric Determination of Traces of 
Metals. E. B. Sandell. Interscience, 
New York, ed. 3, 1959. xxii+ 1032 
pp. Illus. $24. 


Analytical chemists will welcome the 
appearance of this third edition of a 
book which for 15 years has been the 
standard reference on colorimetric meth- 
ods for determining microgram and sub- 
microgram quantities of metals. The 
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simplicity and elegance of these meth- 
ods have led to a great extension of their 
use during the past decade, and the book 
is correspondingly much larger (and un- 
fortunately much more expensive) than 
the preceding (1950) edition. 

The revision is a thorough one; large 
sections of the book have been com- 
pletely rewritten in order to bring it 
abreast of recent developments. Even 
paragraphs whose content is not appre- 
ciably changed have been gone over with 
meticulous care to improve the clarity 
and smoothness of the wording. The 
main body of the text includes discus- 
sions of methods published up to 1957, 
and literature references through 1958 
have been added as supplements to most 
chapters. 

The organization of the book remains 
unchanged. About one-fifth of its thou- 
sand pages is devoted to a general dis- 
cussion of the methods, materials, and 
apparatus used in trace analysis. The ad- 
vantages and limitations of colorimetric 
methods are explained in detail, methods 
of separating and isolating small amounts 
of metals are considered, and the various 
colorimetric reagents are discussed criti- 
cally. The remaining four-fifths of the 
book takes up the metals in alphabetical 
order and for each one describes meth- 
ods of separation, analytical procedures, 
and applications of the procedures to 
various kinds of material. Among the 
analytical procedures for each element 
the author selects the one that he con- 
siders most generally useful; he explains 
its merits and demerits and describes the 
necessary apparatus, reagents, and se- 
quence of operations in great detail. For 
many elements this sort of detailed treat- 
ment is given for several alternative 
methods. 

In the new edition all parts of the 
book have been expanded in about the 
same ratio. Sections of the early chap- 
ters which are wholly new or of greatly 
increased length include those on radio- 
activation analysis, preparation of bio- 
logical material, chromatographic and 
ion-exchange separations, extraction of 
metals by immiscible solvents, indirect 
colorimetric methods, and fluorimetry. 
In the chapter on colorimetric reagents 
the most prominent addition is a long 
section on the details of dithizone-dithi- 
zonate equilibria; an indication of how 
rapid recent progress has been is the fact 
that the second edition gave only two 
approximate equilibrium constants for 
such reactions (silver and copper), 
whereas the new edition has a two-page 
table listing constants for most of the 
metals that react with dithizone. In the 
chapters devoted to individual metals, 
the most conspicuous additions are fre- 
quent descriptions of separation pro- 
cedures involving ion exchange and 
chromatography and directions for ap- 
plications of colorimetric procedures to 
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a much greater variety of materials, par- 
ticularly to metals and alloys. Innova- 
tions under particular metals are too 
numerous for listing, but the following 
will serve as examples: new methods in- 
troduced as the favored ones (persulfate 
for cerium, phenylfluorone for germa- 
nium, rhodamine-B for gallium and thal- 
lium, thoron for lithium, alizarinsulfonic 
acid for scandium); great expansion in 
the number of methods and the amount 
of description given for niobium, tanta- 
lum, uranium, zirconium, and the plati- 
num metals; a completely new chapter 
on thorium; great increase in the detail 
given for methods previously described 
(especially those of rhodamine-B for 
antimony, 8-hydroxyquinoline for alumi- 
num, dithiocarbamate for copper, and 
rhodanine for silver). 

The great virtue of this book, in this 
edition as in the previous ones, is the 
thoroughness with which Sandell has di- 
gested the enormous literature on colori- 
metric reactions. Here is no mere listing 
of possible procedures; each method has 
been looked into carefully, the sensitivity 
and applicability of these methods under 
various conditions have been examined, 
and the advantages and disadvantages 
relative to other methods have been 
scrupulously considered. Many of the 
procedures have been exhaustively tested 
by Sandell and his students. For several 
elements the author admits freely that 
no satisfactory procedure is yet avail- 
able; he describes the limitations of 
present methods and suggests leads that 
analysts might pursue in attempting im- 
provements. The thoroughness of the 
discussion and the meticulous detail of 
the descriptions result in an enormous 
saving of time for analysts seeking to 
devise methods suitable for particular 
purposes. 

One limitation of the book is the fact 
that its procedures are designed pri- 
marily for use in a completely equipped 
analytical laboratory. There is little dis- 
cussion of the more rapid and often less 
sensitive methods of analysis that can be 
adapted for use in the field. In the chap- 
ter on copper, for example, the biquino- 
line method is casually dismissed because 
the reagent is expensive and somewhat 
less sensitive than others; the specificity 
of biquinoline and the remarkable sta- 
bility both of the reagent and of its cop- 
per compound—properties that have so 
endeared it to field workers—are evi- 
dently of secondary importance in San- 
dell’s opinion. But this is hardly a valid 
criticism, since to include a discussion of 
field methods would increase still fur- 
ther the size of a book that is already 
straining the limits of a single volume. 

The format of the book has been im- 
proved by the substitution of italics for 
bold-face type in many of the side head- 
ings, and by the use of larger type for 
several of the tables. Typographical er- 


rors are remarkably few in number for 
a book that has undergone such thorough 
revision. 

Analysts in many fields owe Sandell 
a debt of gratitude for bringing together, 
sifting, and organizing so skillfully the 
presently available data on colorimetric 
methods for traces of metals. 

Konrap B. Krauskopr 
School of Mineral Sciences, 
Stanford University 


Polar Atmosphere Symposium. Part 2. 
Ionospheric section. K. Weeks, Ed. 
Pergamon Press, New York, 1957. 
xiii + 212 pp. Illus. $10.50. 


The Oslo symposium on the polar at- 
mosphere, which dealt with both mete- 
orology and ionospheric physics, resulted 
from a suggestion to AGARD (Advisory 
Group for Aeronautical Research and 
Development, North Atlantic Treaty 
Organization) by L. Harang of the Nor- 
wegian Defence Research Establishment. 
The ionospheric section was organized 
according to three areas of interest: 
drifts and movements in the ionosphere 
(10 papers), ionospheric prediction in 
high latitudes (7 papers), and scatter- 
ing of radio waves by the ionosphere 
(4 papers). The proceedings include a 
record of the discussion which followed 
each group of papers. The opening ad- 
dress by F. L. Wattendorf (director of 
AGARD), who explained how AGARD 
grew out of the suggestion of T. von 
Karman (California Institute of Tech- 
nology) and the introduction speech by 
H. U. Sverdrup, who drew upon his 
wealth of personal experience to inter- 
pret the objectives of the conference, 
are included. The record of Sverdrup’s 
speech is especially valuable because of 
his death only a year later. Sverdrup 
was an oceanographer and meteorologist 
of much renown. At his death he was 
director of the Norsk Polarinstitutt in 
Oslo and deputy rector and professor 
of geophysics at the University of Oslo. 
From 1936 to 1948 he was professor of 
oceanography and director of the Scripps 
Institution of Oceanography at the Uni- 
versity of California. He organized the 
highly successful Norwegian-Swedish- 
British Antarctic Expedition of 1949-52. 

The record reflects the fact that the 
meeting was strictly scientific in char- 
acter. Only by listing and commenting 
on each of the 21 papers would it be 
possible to summarize the scientific prog- 
ress made and give suitable credit to the 
contributors. However, most of those 
who are interested in this field regularly - 
see the Journal of Atmospheric and Ter- 
restrial Physics, and this same record of 
the symposium was published as a spe- 
cial supplement to that journal in 1957 
as well as in this hard-cover edition. 
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Part I, recording the proceedings of the 
meteorological section of the meeting, 
was also published in 1957 as a special 
supplement to the same journal as well 
as in the hard-cover edition. 

M. G. Morcan 
Thayer School of Engineering, 
Dartmouth College 


The College Influence on Student Char- 
acter. An exploratory study in se- 
lected colleges and universities. Ed- 
ward D. Eddy, Jr. American Council 
on Education, Washington, D.C., 
1959. xii+ 185 pp. $3. 


In this study the provost of the Uni- 
versity of New Hampshire and two re- 
cent college graduates (Mary L. Park- 
hurst and James S. Yakovakis) have 
contributed a most sensitive understand- 
ing of influences in college which have 
a lasting effect on students. The study 
was prepared for the American Council 
on Education because the council felt 
an “urgent necessity to develop in on- 
coming generations the strength of char- 
acter to match the responsibilities that 
will be heaped upon the educated 
leader.” 

The purposeful search of the investi- 
gators for experiences inside and outside 
the formal educational process which 
touch the intangible phenomenon called 
“character” was conducted in a way 
which gives the findings unusual au- 
thenticity. Extended, on-the-spot ob- 
servation at a diverse group of colleges, 
was coupled with incisive discussions 
with students, faculty, and counselors to 
produce fresh, lively, and strikingly can- 
did testimony about what actually hap- 
pens to students, in a personal sense, 
as they go through college. 

The accent of the findings is impres- 
sively positive, but not complacent. Stu- 
dents respond when they are given re- 
sponsibility, but it must be real, not 
fictitious, responsibility. They rise to a 
high level of performance, moral as well 
as intellectual, when a high level of ex- 
pectancy on the part of the college com- 
munity challenges them. They do build 
upon the insights of the teacher who has 
integrity and vision, but he must be a 
genuine article, for students quickly de- 
tect a “phony.” 

The central conclusion is that the dual 
goals of intellectual excellence and force 
of character are inextricably interwoven 
in the truly educated man. So the ele- 
ments in the campus community which 
encourage character are those which also 
encourage learning. “The college,” these 
observers believe, “finds its greatest con- 
tribution to the student in the Socratic 
theme that the unexamined life is not 
worth human living.” Excellence of 
character will emerge as students are 
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prodded to a more searching and strenu- 
ous intellectual development. 

This vindication of the academic vo- 
cation in terms of its moral potential 
does not agree with the profile drawn of 
contemporary college experience in sev- 
eral other recent studies. Many students 
today can apparently refine their intel- 
lect without a corresponding enrichment 
of character. They seal off their moral 
control tower—the mechanism by which 
they reach value judgments—from the 
influx of intellectual communications. 
On many an American campus, a hiatus 
splits the educational process from the 
real life of students and the student’s 
learning from the values he holds. An 
educated but morally irresponsible col- 
lege graduate probably emerges far more 
frequently from the academic assembly 
line than does Eddy’s intellectual of 
“Socratic-character.” 

What makes this inquiry so signifi- 
cant, however, is that it may have hit 
upon some of the vital influences which 
make the difference in the human out- 
come of the educational process. The 
Eddy report might well have been sub- 
titled “A guidebook on how to avoid 
futility in liberal education.” To educa- 
tors concerned with the growth of the 
person as well as the mind of their stu- 
dents it will furnish encouragement and 
direction as they struggle against sweep- 
ing automation in the college industry. 

Puiup E. Jacos 
Professor of Political Science, 
University of Pennsylvania 


Free Radicals as Studied by Electron 
Spin Resonance. D. J. E. Ingram. 
Academic Press, New York; Butter- 
worths, London, 1958. 274 pp. Illus. 
$9.50. 


The development of paramagnetic 
resonance spectroscopy has opened new 
avenues in free radical research. Infor- 
mation and knowledge in this field have 
increased rapidly in recent years, and 
considerable future advances have to be 
anticipated. In this situation the mono- 
graph by Ingram fills an urgent need: 
it gives an excellent introduction to the 
field and a critical, systematic evalua- 
tion of the available experimental data. 

The first four chapters of the book 
deal with the “unchangeable” facts: 
basic ideas, well-established experimen- 
tal designs and methods, and basic mo- 
lecular theory. The following five chap- 
ters discuss and summarize applications 
and achievements—physical, organic and 
biochemical, biological, and medical— 
in the physics of the field where many 
new facts have been discovered and ex- 
isting theories could be confirmed. Of 
special interest are the applications of 
the method to radiobiological problems, 


where the existence of long-lived, radia- 
tion-produced radicals could be demon- 
strated and where the method is soon to 
be applied for the measurement of the 
life span of short-lived radicals produced 
in biological systems during irradiation. 
Thus, the book will be more than a 
reliable source book of information and 
knowledge; it will also be a guide to fur- 
ther research in this steadily-growing im- 
portant field. It is one of the standard 
works on free radical research which 
should be available in every laboratory. 
A. T. Kress 
Radiobiology Division, 
U.S. Army Medical Research 
Laboratory and Biology Department, 
University of Louisville 


The Gulf Stream. A physical and dy- 
namical description. Henry Stommel. 
University of California Press, Berke- 
ley; Cambridge University Press, 
London, 1958. xiii +202 pp. Illus. $6. 


This well-written and stimulating book 
is a noteworthy contribution to the lit- 
erature of oceanography and geophysics. 
The author summarizes the distribution 
in the northwestern Atlantic of tempera- 
ture, salinity, other properties that char- 
acterize certain features of the Gulf 
Stream. However, he is careful to point 
out that although the name of this great 
ocean current is a familiar one, it is no 
easy matter to describe it accurately. 
The observational data can be inter- 
preted in a variety of ways, depending 
upon the preconceived ideas of the com- 
piler and the geographic pattern of the 
observations available to him. The com- 
puted values of current velocity and vol- 
ume transport depend upon the selection 
of the level of no motion; even direct 
measurements of current are subject to 
these same uncertainties. In part these 
problems reflect the lack of adequate 
theories that should provide a model 
that could then be tested by properly 
planned field measurements. However, 
the theoretical oceanographer has been 
handicapped by the lack of an adequate 
description of the phenomenon he at- 
tempts to explain. This has led to what 
Stommel calls “the peculiar dreamlike 
qualities” that have characterized many 
of the descriptions and discussions of 
ocean currents. Stommel has made great 
contributions in recent years to a more 
rational attack on the problem of oceanic 
circulation. 

The greater part of the book is de- 
voted to a review of the theories of ocean 
currents. Stommel has broad theoretical 
interests, and he has also made many 
original observations on the Gulf Stream. 
Because of his background and interests 
he is uniquely qualified to write this 
book, Since its establishment in 1931, 
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the Woods Hole Oceanographic Insti- 
tution has devoted a great deal of effort 
to the study of the Gulf Stream, and it 
is most fitting that this book should be 
written by a member of its staff. 

For the oceanographer, the volume 
represents a valuable synthesis of infor- 
mation and theories; and for the worker 
in other fields, particularly those in the 
physical sciences, it will provide insight 
into some of the complex but poorly un- 
derstood phenomena of the ocean. With 
this book at hand the future studies of 
the Gulf Stream and of oceanic circu- 
lation in general should move forward 
at an accelerated pace. 

In an otherwise excellent work it is 
unfortunate that the author did not give 
more attention to the illustrations. This 
is particularly true in the descriptive 
sections where the illustrations have gen- 
erally been copied from the original 
sources without regard to map projec- 
tions, areas covered, scales, or units. 
Oceanographers are accustomed to this 
confusion, but other readers will have to 
examine the illustrations with caution. 

Ricuarp H. FLemine 
Department of Oceanography, 
University of Washington 


The Vertebrate Story. Alfred S. Romer. 
(a revised and enlarged edition of 
Man and the Vertebrates). Univer- 
sity of Chicago Press, Chicago, IIl., 
1959. vii+437 pp. Illus. $7. 


This is a fourth edition of the well- 
known book Man and the Vertebrates, 
with a new Hollywood title, more nat- 
ural history, and less human anatomy. 
Though the changes are important ones, 
the purposes of the book remain the 
same. It is a taxonomic review of the 
vertebrates, including man, with enough 
anatomy and physiology to form a good 
picture of the kinds of lives led by the 
various groups and put together as an 
account of their evolution. The illustra- 
tions are clearer and more plentiful than 
they were in the last edition (1941), and 
the format of the book is considerably 
improved. 

In the earlier book, man and the rest 
of the vertebrates were given about equal 
shares, but in the new one the division 
is about one to three. A large section on 
human anatomy has been omitted in fa- 
vor of a more extensive treatment of the 
lower groups of vertebrates. The old 30- 
page chapter on frog anatomy remains, 
but there are now 15 more pages on 
teleosts, 36 more on reptiles, 12 more on 
birds, and one finds new or revised para- 
graphs all through the book. Human 
ancestry and human races take up the 
last hundred pages. The section on hu- 
man origins has been slightly enlarged, 
and Piltdown man has been changed 
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from a problem to a hoax, but this edi- 
tion was apparently in the works too 
soon to permit the new Oreopithecus 
material to be included. 

Other areas of great current interest 
seem to have been _ systematically 
avoided. Jaymoytius is not in the book, 
and the Ichthyostegalia are not dis- 
cussed. The lungfishes are still “close to 
the ancestry of land animals,” and are 
put in the same class with crossoptery- 
gian fishes, though Romer has changed 
his earlier name for this grouping from 
Choanichthyes to Sarcopterygii. Lati- 
meria gets an extra paragraph in this 
edition, but, unfortunately it also picks 
up an extra lung. Vexing questions of 
the relationship of classes and subclasses 
of ancient fishes, and of the origins of 
amphibian groups, are bypassed. 

This avoidance of technicality and 
controversy at least favors the mainte- 
nance of a storybook tone. Romer’s gen- 
ial, conversational style comes out best of 
all in the new sections. His animals, even 
his fossils, come alive. There are stimu- 
lating samples of his recent speculations 
on such subjects as the origin of verte- 
brates (probably from sessile filter-feed- 
ers related to echinoderms), the origin 
of the terrestrial habit (the amniote egg 
came ashore first), and “Gondwana- 
land” (who knows, why not?). This cer- 
tainly remains a text to be preferred for 
an elementary course on the biology of 
vertebrates, or for painless self-educa- 
tion. 

W. W. BALLARD 
Department of Zoology, 
Dartmouth College 
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Introduction to Human Anatomy. Carl 
C. Francis. Mosby, St. Louis, ed. 3, 1959. 
548 pp. $5.75. 

The Journals of Daniel Noble Johnson 
(1822-1863). “Journal of a cruise on the 
Brazils on Board of the U.S. Ship Dela- 
ware, 1841-1842” and “Notes by the way 
while on board the U.S. Schooner Enter- 
prise.” Misc. Collections, vol. 136, No. 2. 
Mendel L. Peterson, Ed. Smithsonian In- 
stitution, Washington, D.C., 1959. 268 pp. 

Knowing Your Trees. 1955 edition. G. 
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tions showing typical trees and their 
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280 pp. $8.50. 

Natural Selection and Heredity. P. M. 
Sheppard. Philosophical Library, New 
York, 1959. 212 pp. $6. 

The New World of Math. George A. 
W. Boehm and the editors of Fortune. 
Dial Press, New York, 1959. 128 pp. 
$2.50. 

Nucleonics Fundamentals. David B. 
Hoisington. McGraw-Hill, New York, 
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Our Atmosphere. Theo  Loebsack. 
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and D. Rewald. Pantheon, New York, 
1959. 256 pp. $5. 

Patterns of Performance. Eli Ginzberg, 
James K. Anderson, Sol W. Ginsburg, 
John L. Herma. Columbia Univ. Press, 
New York, 1959. 359 pp. $6. 

Plane Trigonometry. Raymond W. 
Brink. Appleton-Century-Crofts, New 
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Radiation Biology and Cancer. Pub- 
lished for the University of Texas M. D. 
Anderson Hospital and Tumor Institute. 
Univ. of Texas Press, Austin, 1959. 501 
pp. $8.50. This collection of papers, 
presented at the twelfth annual sym- 
posium on fundamental cancer research, 
is divided into the following sections: 
“Fundamental radiobiology”; “Radiolog- 
ical applications”; “Radiation effects on 
the hematopoietic system”; “Induction of 
neoplasia by ultraviolet light”; “Induc- 
tion of neoplasia by ionizing radiations” ; 
“Radiation biology and cancer”; and 
“Medical applications of radiation.” The 
Bertner Foundation lecture, “Radiation 
neoplasia and endocrine systems” by 
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Storage of Steroid Hormones by 
Adipose Tissue in 
Two Experimental Obesities 


Abstract. It appears that obese animals 
retain proportionally more steroid hor- 
mones than nonobese animals. The reten- 
tion of these hormones does not appear to 
be a function of the nature of the obesity 
syndrome but simply a function of the 
increased fat content. 


It has been shown that obesity in mice 
can be grouped into two general classes: 
“regulatory” obesity, in which the pri- 
mary lesion lies in the nervous centers 
regulating food intake, and “metabolic” 
obesity, in which the hyperphagia is 
secondary to metabolic disorders of car- 
bohydrate and fat metabolism (J). Since 
these two classes of obese mice differ 
markedly with respect to lipogenesis and 
cholesterologenesis (2) as well as enzy- 
matic reactivity (3), feeding patterns 
(4), and so on, it seemed to be of in- 
terest to determine the characteristics 
of retention of administered steroid hor- 
mone in the two types of obesity. 

If retention of administered hormone 
were entirely due to the amount of fat 
present, one would expect a direct corre- 
lation between retention and fat con- 
tent, whether in normal animals, in 
animals with regulatory obesity, or in 
animals with metabolic obesity. A devi- 
ation from this pattern would suggest 
that specific factors influence steroid re- 
tention of fat. 

Accordingly, mice with goldthioglu- 
cose hypothalamic (regulatory) (5) 
obesity and mice with the hereditary 
obese-hyperglycemic (metabolic) syn- 
drome (6) and their controls were used 
to study the retention of _ testos- 
terone and progesterone. A wide range 


Instructions for preparing reports, Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors”’ [Science 125, 16 (1957)]. 
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of weights was used in each group. The 
steroids retained by adipose tissue were 
identified by chromatography, and re- 
tention was determined by measure- 
ments of radioactivity. The technique 
was similar to that used by Plotz and 
Davis (7) and by Zander (8) in their 
study on the retention of progesterone 
in the fatty tissue of pregnant women. 

Ten female goldthioglucose obese 
mice (36 to 58 g), six nonobese female 
controls (20 to 32 g) and eight obese 
hyperglycemic mice (four males, four 
females, weighing 45 to 91 g) with 
their nonobese controls (4 males, 4 fe- 
males, weighing 20 to 35 g), were used 
in the testosterone study. 

Three obese-hyperglycemic mice (one 
male, two females, weighing 48 to 71 g) 
with their nonobese controls (one male, 
two females, weighing 20 to 30 g), as 
well as four goldthioglucose obese mice 
(females, 32 to 40 g) and four nonobese 
controls (females 22 to 29 g) were used 
in the progesterone experiment. 

The mice were injected intramuscu- 
larly with either 5 or 10 uc of testos- 
terone-4-C14 (1.21 mg or 2.42 mg) or 
with 10 wc of progesterone-4-C1* (0.33 
mg) dissolved in sesame oil. The mice 
were placed in individual metabolism 
cages for 18 hours. Urine and feces were 
collected during this time interval. At 
the end of 18 hours, the mice were killed 
by decapitation, and adipose tissue was 
removed and extracted for 12 hours with 
ether/95 percent ethanol (3:1). The ex- 
tracted fat was partitioned between hep- 
tane and 70 percent methanol (heptane 
fractions were counted to check the 
completeness of the extraction). Carrier 
steroids were added to the methanol 
extracts. These extracts were chromato- 
graphed by the Zaffaroni (9) system 
with heptane/propylene glycol as the 
solvent system. Testosterone, etiocho- 
lanolone, and androsterone zones (tes- 
tosterone-C1* study) and progesterone 
(progesterone-C14 study) were eluted 
from the chromatogram. The radio- 
chemical purity of the C-19 steroids and 
of the progesterone was determined by 
Bush-type wash-out chromatogram (10), 
acetylation and chronic acid oxidation 
(C-19 steroids), and dinitrophenylhy- 
drazine derivative (progesterone). Re- 
tention was determined by measurement 
of radioactivity. 


The majority of the methanol extracts 
from adipose tissue were treated in the 
manner described above. However, a 
few samples were chromatographed 
with the toluene/propylene glycol sys- 
tem. In this solvent system, corticoids 
and estrogens would be retained on the 
paper. However, since only negligible 
activity was found in these fractions, the 
remainder of the samples were directly 
chromatographed in the heptane/propy- 
lene glycol system for isolation of C-19 
steroid and progesterone. 

In the testosterone-C1* experiment the 
major portion of the activity retained in 
adipose tissue was present in the testos- 
terone (96 percent), etiocholanolone 
(2 percent) and androsterone (1 per- 
cent) fractions. Progesterone accounted 
for most of the retained activity (93 per- 
cent) in the progesterone-C1* experi- 
ment, with the corticoid fractions ac- 
counting for about 1 to 3 percent of the 
activity and 1 percent in the fractions 
containing substances less polar than 
progesterone. 

Most of the administered testosterone 
or progesterone is excreted in the urine 
and feces of the mice at the end of 18 
hours. Similar results were obtained by 
Gallagher et al. (11) in studies on re- 
covery of administered testosterone-4- 
and progesterone-21-C1* in excreta 
and tissues of normal mice. However, 
the activity retained by adipose tissue 
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Fig. 1. Steroid hormone retention in adi- 
pose tissue after administration of testos- 
terone-4-C™ to goldthioglucose obese and 
nonobese mice. 
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Fig. 2. Steroid hormone retention in adi- 
pose tissue after administration of proges- 
terone-4-C™ to two kinds of obese mice. 
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ranges from 0.24 to 5.2 percent of 
administered testosterone-4-C1* activity 
and from 0.19 to 4.3 percent of admin- 
istered progesterone-4-C1* activity. This 
activity is correlated with the amount 
of fat present in the animals. 

Figure 1 shows the total radioactivity 
of C-19 steroids plotted against grams 
of fat for goldthioglucose obese mice and 
nonobese controls given 10 uc of testos- 
terone-4-C1*, This activity was meas- 
ured 18 hours after injection. It is evi- 
dent that retention of labeled hormone 
is proportional to the amount of fat, or 
to obesity per se. The same picture was 
found in goldthioglucose obese mice 
given 5 uc of testosterone. 

Similar results were obtained with the 
obese-hyperglycemic mice—that is, re- 
tention of testosterone-C1* was propor- 
tional to the amount of fat present in 
obese and nonobese mice. In addition, 
Ci* retention per gram of fat (1800 
count/min per gram of fat for animals 
given 10 uc) was the same for both types 
of obese mice and their nonobese con- 
trols. For the various types of mice at 
the two doses studied after 18 hours, re- 
tention of testosterone was represented 
by the formula: percentage retention 
= 1.3 + 0.05 x 10-3 f, where f is total body 
fat in grams. 

Figure 2 shows the radioactivity pres- 
ent in the progesterone fraction plotted 
against the grams of fat for goldthioglu- 
cose obese mice, obese hyperglycemic 
mice, and their respective nonobese con- 
trols measured 18 hours after the in- 
jection of progesterone-4-C14. As _ in 
the testosterone study, retention of la- 
beled hormone is correlated with the 
amount of fat present regardless of the 
type of obesity or whether the mice are 
obese or nonobese. Carbon-14 retention 
per gram of fat is the same for all 
animals (1600 count/min per gram of 
fat in the progesterone study). Thus, al- 
though the obese-hyperglycemic mice 
and goldthioglucose obese mice differ 
markedly in fatty acid and cholesterol 
synthesis, retention of administered ster- 
oid hormone appears to be a physical 
phenomenon common to both groups be- 
cause of their increased fat content. A 
large amount of excess fat in obese ani- 
mals favors the retention of injected 
steroid hormones. This may have physio- 
logical consequences in that obese ani- 
mals (and obese patients) may retain 
larger amounts of their own steroid hor- 
mones. It may also have therapeutic im- 
plications in that it appears likely that 
steroid hormones administered to obese 
patients may be stored in appreciable 
amounts in their fat depots (//). 

Zomzety* 
Rosert Asti} 
JEAN Maver 
Department of Nutrition, 
Harvard School of Public 
Health, Boston, Massachusetts 


5 JUNE 1959 


References and Notes 


1. J. Mayer, Nutrition Abstr. and Revs. 25, 597 

(1955). 

——.,, Metabolism 6, 435 (1957). 

. K.H. Shull, J. Ashmore, J. Mayer, Arch. Bio- 

chem. Biophys. 62, 210 (1956). 

J. Anliker and J. Mayer, J. Appl. Physiol. 

8, 677 (1956). 

. Goldthioglucose hypothalamic mice become 
hyperphagic and obese as a result of the de- 
struction of the ventromedial area of the hy- 
pothalamus by a single injection of 1 mg of 
goldthioglucose per gram of body weight (2). 
No abnormality of carbohydrate or fat metab- 
olism (outside of those secondary to hyper- 
phagia) is present. 

6. The hereditary obese hyperglycemic syndrome 
is a recessive condition characterized by obes- 
ity, hyperglycemia, hypercholesterolemia, 
increased hepatic glycogen turnover and phos- 
phorylase, hyperplasia of the Islets of Langer- 
hans, insulin resistance, sensitivity to cold and 
to growth hormone, increased lipogenesis and 
cholesterogenesis even under fasted conditions, 
increased pancreatic and circulating insulin, 
abnormalities in the boli of adi 
tissue, and so forth (2). 

7. E. J. Plotz and M. E. Davis, Proc. Soc. Exptl. 
Biol. Med. 95, 92 (1957). 

8. J. Zander and A. M. von Munstermann, Klin. 
Wochschr. 34, 944 (1956). 

9. A. Zaffaroni, R. B. Burton, E. H. Keutmann, 
J. Biol. Chem. 177, 109 (1949). 

10. I. E. Bush, Biochem. J. 50, 371 (1952). 

11. T. F. Gallagher, D. F. Fukushima, M. C. 
Barry, K. Dobriner, Recent Progr. in Hor- 
mone Research 6, 131 (1951). 

12. This work was supported in part by grants-in- 
aid from the John A. Hartford memorial fund; 
the National Institute of Arthritis and Meta- 
bolic Diseases (grant No. A-49), U.S. Public 
Health Service; the Albert and Mary Lasker 
Foundation, New York; the Nutrition Founda- 
tion, New York; and the Fund for Research 
and Teaching, Department of Nutrition, Har- 
vard University. 

* Predoctoral research fellow of the National 
Heart Institute. Present address: Laboratoire 
de Biochimie Générale, Collége de France, 
Paris 


wh 


+ Present address: c/o French Army Medical 
Corps, Marseilles Command. 


20 October 1958 


Nervous Pathways of 
Cutaneous Pains 


Abstract. In discussing the reality of a 
peripheral duality of pain-afferent sys- 
tems, which she attributes to an artifact 
[Science 128, 713 (1958)], M. H. Jones 
rejects as valueless data concerning dif- 
ferences in the velocity of conduction of 
nerve impulses as determined by reaction 
times. Yet precise data tend to show the 
reality of these differences in velocity. 


I found it very strange that Margaret 
Hubbard Jones should maintain, on sev- 
eral occasions (J), solely on the basis of 
subjective data, that the duality of cuta- 
neous pains is an artifact. 

For a long time now the dissociation 
of cutaneous pain systems has been es- 
tablished, as I reported in detail in 
1935, in an article in Traité de Physiol- 
ogie (2). 

Supporting data obtained from an 
analysis of reaction times were deliber- 
ately rejected by Jones, who cited a 
study by Lele, Sinclair, and Weddell 
(3) in support of her position. 

Answering Libet (4), she declares, 
“Libet’s emphasis on reaction time is 
unfortunate. None of the studies meet 


the minimum requirements for work in 
the field.” 

Actually, research studies of Lele et al. 
have shown that these reaction times do 
vary—something which has been known 
for a century. It was through variations 
in reaction time that Helmholtz meas- 
ured, for the first time, in 1850, the 
velocity of the nerve impulse in afferent 
tracts, with an accuracy which after- 
wards proved satisfactory. 

Of course, measurements should be 
planned under very precise conditions 
and made on trained and sufficiently 
coherent subjects (this was not the case 
in the research of Lele et al.); it is then 
possible to get mean values which are 
stable enough to be significant. A most 
important point lies in the use of con- 
stant physiological intensities, for reac- 
tion times depend on the intensity of 
the sensation, showing rapid variability 
around the threshold. For touch, a mar- 
gin of about 230 msec between threshold 
intensity and an intensity 150 times 
greater (5) is found; narrower margins 
are sometimes met with, however, (6). 

But Lele et al., when comparing re- 
action times to stimulation consisting of 
equal pressures on a finger and on a toe, 
took no account of differences in the 
sensibility of their subjects and did not 
establish threshold values; hence, their 
comparison loses all its significance and 
their conclusions all their value. 

In 1930 (7) I made a series of meas- 
urements of reaction times to such stim- 
ulations as painful pricking, burning, 
and pinching, the stimulations being so 
graded as to cause sensations of seem- 
ingly equal pain on the forehead (or 
the temple), the wrist, and the ankle. 

Under such conditions (the dispersion 
indices of means computed on series of 
20 being usually less than 10 percent), 
I found, for two nerve pathways each 
80 cm long (between forehead and hand 
and between hand and foot), reaction- 
time differences of 235 and 216 msec 
for burning (by contact for forehead and 
hand, by immersion for hand and foot) ; 
differences of only 49 msec for pricking 
(either between forehead and hand or 
between hand and foot); and, finally, 
differences of 135 msec for pinching be- 
tween temple and foot (that is, 68 msec 
for a pathway 80 cm long). 

The resulting probable velocities of 
nerve impulses are about 4.50 m/sec for 
burning, 16 m/sec for pricking, and 12 
m/sec for pinching, whereas for touch 
the velocity is about 40 m/sec, accord- 
ing to determinations which von Wittich 
established as early as 1868 (8) through 
study of reaction times. 

In 1939, Zotterman (9), using tactual 
percussion, contact, pricking, and burn- 
ing as stimulations on a cat’s tegument 
innerved by the saphena, recorded four 
types of action potentials in this nerve: 
the fastest (30 to 60 m/sec) were correl- 


1547 


ares: 
¥ 
OBESE (4) 
n adi- 
testos- 
e and 
es (3) 
(4) 
4) 
ES 
. 
in adi- 
yroges- 
ice. 
OL. 129 = 


ative with tactual percussion; the slow- 
est, of the C group (2 to 5 m/sec), were 
related to burning; those generated by 
pricking had a velocity 20 to 30 m/sec; 
and finally, those due to irritative slight 
contacts which Zotterman thought might 
induce itching had a velocity of 8 to 17 
m/sec and were related-to the A group, 
6 type fibers. 

As I pointed out (10), it appears to 
me that there is remarkable agreement 
between these data and the velocities 
found in man through measurement of 
reaction times: 40 m/sec for touch, 4.5 
m/sec for burning, 16 m/sec for prick- 
ing, and about 12 m/sec for pinching. 

This finding that there is dissociation 
of afferent systems for painful excita- 
tions of the skin has been shown to be in 
agreement with numerous other data, 
some of which were reported by G. H. 
Bishop and W. L. Landau (11); it can 
be considered to be a definitively estab- 
lished fact (12). 

H. Pirron 
Collége de France, Paris 
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Due to limitation of space, I shall 
limit my discussion to the reaction-time 
studies which are assumed to prove the 
duality (or even plurality) of cutaneous 
pain systems. 

I have stated (J) that none of the 
studies of reaction time meets the mini- 
mum requirements for reliable results. I 
repeat, none of them do—not excluding 
the study of Lele, Sinclair, and Weddell 
(2). But the work of Lele et al. was 
technically superior to most, and it did 
show that, even in studies of the sense of 
touch (far easier to deal with than 
pain), variability of results is the rule. 
The conclusion I draw is that more than 
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ordinary caution is required to demon- 
strate a reliable difference in reaction 
time between two areas. 

In the study of pain, proper control of 
stimulus has been a vexing problem. 
With needle stimuli, even when prop- 
erly applied, there is a variation in time 
lag before stimulation because of the 
appreciable amount of time necessary 
for the needle to penetrate to its maxi- 
mum depth (3), and because of the 
varying depth of the receptors. With 
heat stimuli, the time lag is both greater 
and more variable because of variation 
in the thickness and character of the 
epithelium in different areas of the body 
(4). And the difficulties involved in pre- 
cise control of heat stimuli are many 
(see 5). 

The study which Piéron cites as defi- 
nitely establishing the dissociation of 
pain systems is his own (6). In this 
study, on one test subject, a needle was 
used to produce pricking pain, with 
pressure of 15 g on the temple, 25 g on 
the wrist, and 25 g on the ankle. As far 
as one can ascertain from the report, 
24 trials were made at each point. There 
is no information about pretraining on 
this type of response (and in any event, 
the learning curve for reaction-time data 
does not level off until at least the 100th 
trial) or about the subject’s “coherence” 
—or, indeed, about how much he knew 
about what the experimenter expected 
to find. The intensities used are greatly 
above those of the pain threshold, and 
a statement that they were approxi- 
mately equated for the three areas is 
not convincing, in the absence of experi- 
mental data, in view of the great vari- 
ability in pain threshold of various pain 
spots (7) and of the extreme difficulty 
of making that type of psychophysical 
judgment. Further, there is no measure 
of the significance of the differences in 
reaction time used to calculate conduc- 
tion velocities in nerves. 

In the same study, burning pain was 
produced by application of a metal con- 
tainer filled with water at 70°C (or 
60°C?) to the forehead and the back 
of the hand (four trials each). Since this 
stimulus gave reaction times for the foot 
which were too long to be “useful,” the 
difference in reaction time between hand 
and foot was determined by plunging 
them into a hot (60°C) water bath (11 
and 4 trials, respectively). In neither 
case is the stimulus constant over time, 
nor does it bear any observable relation 
to the threshold for heat pain. In the 
latter case, even the areas vary. Heat 
stimuli, to be even moderately con- 
trolled, must be constantly monitored, 
and even then changes or differences in 
blood flow, color of skin, and chemical 
changes within the tissues (particularly 
upon repetition) may render the control 
superficial. 

Heat of this order penetrates tissues 


more slowly than a needle, and the 
slower reaction times to heat pain are 
certainly correlated with the time lag 
between application of the stimulus to 
the surface of the skin and the stimu- 
lation of the underlying receptors. Fur- 
thermore, the differences in the epithe- 
lium in various regions of the body 
would lead one to expect a greater time 
difference in the response to heat of 
forehead, hand, and foot than in the 
response of these areas to suprathreshold 
stimuli produced by a needle. 
McKenna (8) found that neither sur- 
face temperature nor increase in surface 
temperature is critical for stimulation 
of pain by heat, but, rather, that the 
important factor is either the critical 
temperature at the receptor or the tem- 
perature difference between receptor 
level and deeper fibers. Thus, the depth 
and thermal characteristics of the epi- 
thelium would seem to be important de- 
terminants of absolute reaction time, as 
well as of the differences in reaction 
time between various regions of the body. 
Until a slow pain (“subjective” be- 
cause perceived) in the absence of the 
afore-mentioned artifacts can be demon- 
strated, there exists no body of data to 
be related to the physiological data re- 
garding cutaneous C-fiber function. 
Marcaret Husparpd Jones 
Department of Psychology, 
University of California, Los Angeles 
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Separation of Hydrogen Isotopes 
by Gas-Solid Chromatography 


Abstract. Conditions are described for 
the chromatographic analysis of mixtures 
of Ha, HT, and Tz on a “molecular sieve” 
column. This technique may find valuable 
applications in various kinetic investiga- 
tions. 


Isotope effects in gas chromatography 
have been observed previously (/). We 
have found that this phenomenon can 
be used to analyze mixtures of H,, HT, 
and T,. Samples were prepared by 
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Fig. 1. Separation of ortho- and para- Hz, 
HT, and T: by gas-solid partition chro- 
matography. 


sparking mixtures of about | percent T, 
in H, with a Tesla coil. They were 
passed through a 6.1-m molecular sieve 
column with helium carrier gas. The 
column was kept at —160°C with a 
bath of liquid methane containing about 
10. percent ethane. The gas chromato- 
graph was modified by the addition of 
a 10-cm® ionization chamber in series 
with the thermal conductivity cell (2). 
Both detectors were kept at 30°C. The 
chemical peaks (thermal conductivity) 
and radiochemical peaks (ion current) 
were recorded on synchronized record- 
ing potentiometers. The results are de- 
picted in Fig. 1. Hydrogen showed two 
peaks with relative heights of 3 to 1, 
corresponding to ortho- and _para-hy- 
drogen (3). A sample of pure para- 
hydrogen gave only one peak at reten- 
tion time of 13.5 minutes. Prolonged 
treatment of a sample with a Tesla coil 
increased the HT peak and decreased 
the T, peak. When the sample was 
placed on activated uranium (4), then 
taken out, the peak identified as T, dis- 
appeared. 

One of the easily controlled variables 
in the analysis was the flow rate of the 
carrier gas. In Fig. 2, the heights equiva- 
lent to a theoretical plate (H.E.T.P.) 
for HT and T, are plotted against flow 
rate of carrier gas (5). From this figure, 
it is concluded that a flow rate of about 
10 cm/sec gives maximum separation. 
The number of theoretical plates for 
HT and T, were then 4060 and 4580, 
respectively. 


H.E.T.P (CM) 


‘Vv ( GM/SEC) 


Fig. 2. H.E.T.P. (cm) for-HT and T; 
versus flow rate of helium carrier gas 
(cm/sec). 


1959" 


The results reported here can be uti- 
lized for investigating the kinetics of 
some interesting systems: for example, 
the radiolysis of T,+H, mixtures and 
the formation of HT in Wilzbach label- 
ing (6). 

Preston L. Gant 
Kanc YANG 
Research and Development Department, 
Continental Oil Company, 
Ponca City, Oklahoma 
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Electrophoretic Method for 
Desalting Amino Acids 


Abstract. A solution to be desalted is 
placed on a paper strip along which an 
ammonium formate buffer gradient has 
been established. Application of a poten- 
tial brings about migration of amino acids 
to their isoelectric pH’s and removal of 
salt ions. The strip is eluted with water, 
and the eluate is freed of ammonium for- 
mate by vacuum sublimation at 40°C. 


Salts in amino acid preparations (for 
example, protein hydrolyzates or tissue 
extracts, to be analyzed chromatographi- 
cally) are objectionable (1, 2). Several 
desalting procedures have been devel- 
oped but, according to Block et al. (1), 
not one is completely satisfactory. 

The need for a simple general method 
of desalting micro quantities of amino 
acids and peptides from protein hydrol- 
yzates led to the development of an 
electrophoretic procedure that takes ad- 
vantage of the volatility of ammonium 
formate [previously exploited in ion-ex- 
change chromatography of amino acids 
by Hirs et al. (3)]. The sample to be 
desalted is subjected to electrophoresis 
on a paper strip along which a pH gra- 
dient is established by use of ammonium 
formate buffer. The amino acids migrate 
to the region of their isoelectric pH at 
or near the midpoint of the strip, the 
unwanted salt ions move to the solutions 
around the electrodes, and ammonium 
formate is left as the only electrolyte 
on the strip. After electrophoresis, the 
strip is eluted with: water, «andthe 
eluate is vacuum dried at 40°C...The 


ammonium formate sublimes, and the 
desalted hydrolyzate remains as a resi- 
due. 

The method was tested as follows with 
single-strip Durrum-type paper electro- 
phoresis cells (1, p. 511; 4): A 1- by 10- 
in. strip of Whatman No. 1 paper, held 
vertically, was washed by allowing 200 
ml of water to flow down through it (as 
in descending chromatography). The 
ends of the dried strip were placed in the 
electrode compartments with ammonium 
formate buffers of 0.1 ionic strength at 
pH’s above and below the isoelectric 
points of any amino acids present [for 
example, above 10.8 and below 2.3 if 
both arginine (pI 10.8) and aspartic 
acid (pI 2.3) are present]. The paper 
was supported at its midpoint by a 
horizontal glass rod (3 mm in diame- 
ter) rubbed with silicone stopcock 
grease (1, p. 512). The sample of so- 
lution to be desalted (usually 10 to 
30 wl) was applied at the midpoint 
of ‘the strip, a glass cover was placed 
over the strip, and the buffer solutions 
were allowed to migrate up the strip 
to complete the liquid junction. A 
potential of about 50 v per cell was ap- 
plied overnight, the electrode in the low 
pH buffer being positive. After electro- 
phoresis, the ends of the strip were cut 
off just above the buffer vessels, the strip 
was allowed to dry at room temperature, 
and the amino acids were eluted by al- 
lowing 20 ml of water to flow down 
through the vertically suspended strip. 
The eluate was vacuum-dried for at 
least 16 hours at 40°C (5). The possi- 
bility of scaling up the quantity of sam- 
ple is indicated by the recovery of 0.98 g 
of glycine from a solution of 1.00 g of 
glycine in 5 ml of 0.1M KCI on a single 
large sheet of Whatman No. 1 paper in 
the Spinco model R apparatus. 

Figure 1 shows two-dimensional chro- 
matograms of 20-ul samples of amino 
acid solutions in 1N NaCl containing 


Table 1. Data on recovery and salt re- 
moval for 80 wl of 1 percent pt-phenylal- 
anine in 1N NaCl. The values shown in 
parentheses were obtained before desalting. 


Re- 
Absorb- covery NaCl 
ance of NaCl _remain- 
(at280 amino (mg) ing 
mn) acid (%)* 
(%)* 
Experiment 1 
0.161 95 0.12 1.1 
(0.137) (4.68) 
Experiment 2 
0.170 102 0.08 0.2 
(0.137) (4.68) 
Experiment 3+ 
0.031 0.07 
(0) (0) 


* After correction for blank. : . 
+ Blank (no sample added to filter paper strip) . 
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Fig. 1. Chromatograms of an amino acid 
mixture: (a) water solution, (b) 1N NaCl 
solution, (c) 1N NaCl solution followed 
by desalting. 


1.5 mg/ml of each amino acid present. 
These are typical of results obtained 
when a variety of amino acids as well 
as other salts were used, including 
CaCl,, MgCl,, and KCl. The tailing and 
overlapping in the presence of NaCl and 
the improvement effected by the desalt- 
ing procedure are evident. 

To determine the extent of migration 
on the filter paper and to check the re- 
covery of the amino acids, strips were 
sprayed with Ninhydrin after electro- 
phoresis and both before and after elu- 
tion with 20 ml of water. Sprayings be- 
fore elution (6) revealed that the amino 
acids concentrated rapidly in a band 1 
to 2 cm wide and 0 to 3 cm from the 
point of application, depending on their 
isoelectric points and the pH gradient in 
the strip. Sprayings after elution did not 
result in any color development, even on 
prolonged heating at 105°C, indicating 
fairly complete removal of both the 
amino acids and the ammonium formate. 
In the foregoing, solutions of glycine, 
glycylglycine, L-alanine, t-glutamic acid, 


L-cystine, L-methionine, pi-phenylala- 
nine, L-arginine, L-lysine; L-tyrosine, 
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L-tryptophan, and t-valine, were used. 

Recovery of pt-phenylalanine and the 
extent of desalting were also investigated 
by light absorption and electrical con- 
ductance measurements. A typical set of 
results is shown in Table 1 for experi- 
ments in which Whatman No. 1 paper 
treated with LiOH was used. Because 
of soluble light-absorbing and _ con- 
ducting material in the paper, correc- 
tions with a blank (7) were necessary. 
All absorbances and conductances are 
for samples diluted to 5 ml with water. 
The conductances (corrected for sol- 
vent) are expressed as milligrams of 
NaCl. The data show that both the 
recovery of the amino acid and the re- 
moval of salt are essentially complete. 

Preliminary experiments with 2’- and 
3’-uridylic and 2’- and 3/-cytidylic acids 
indicate that the procedure can be ap- 
plied to nucleotides. A strongly acid 
buffer (for example, 0.144 ammonium 
formate in 50 percent formic acid for 
uridylic acid) was necessary on the low 
pH side because of the low isoelectric 
points of these substances (8). 

James C. NicHo.* 

Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 
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Incorporation of Unnatural 
Pyrimidine Bases into Deoxyribo- 
nucleic Acid of Mammalian Cells 


Abstract. When a mammalian cell 
strain was incubated with 5-iododeoxy- 
uridine and 5-bromodeoxyuridine, DNA 
thymine was partially replaced by the 
halogen-containing pyrimidines. The ex- 
tent of incorporation of the unnatural 
bases increased when amethopterin and 
hypoxanthine were added to the medium. 
It is thus evident that the replacement of 
DNA thymine by selected structural ana- 
logs, a phenomenon previously reported 
for bacterial systems, is applicable to cells 
of higher organisms. 


Following preliminary observations of 
Weygand et al. (1), Zamenhof et al, 
and Dunn and Smith (2-5) have dem- 
onstrated the introduction of 5-chloro, 
5-bromo, and 5-iodouracil into the de- 
oxyribonucleic acid (DNA) of several 
bacterial strains. These pyrimidines are 
considered structural analogs of thymine 
for which the Van der Waals’ radii of 
the halogen atoms are approximately 
equal to the radius of the methyl group 
(5, 6). The extensive incorporation (re- 
ported in this paper) of 5-bromouracil 
and 5-iodouracil into the DNA of a 
mammalian cell strain demonstrates that 
this phenomenon can be extended to cells 
of higher organisms. 

In vitro experiments in our laboratory 
had shown that 5-bromodeoxyuridine se- 
verely depressed the incorporation of 
labeled thymidine into the DNA of HLS. 
No. 1 human tumor transplant slices 
(7). However, a search for incorpora- 
tion of bromouracil into the DNA of this 
tissue slice system had yielded negative 
results. 

Cells (H.Ep. No. 1) derived from a 
human cervical carcinoma (8) were 
grown in large Blake bottles with Eagle’s 
medium (9) plus 20 percent horse serum. 
After cell growth on glass had been es- 
tablished, 5-iododeoxyuridine (10), 5- 
bromodeoxyuridine, hypoxanthine, and 
amethopterin were added to the culture 
medium as indicated in Table 1. After 
approximately 3 days the cells were 
washed with saline and harvested with 
0.05 percent trypsin (11). The DNA 
bases were obtained by a procedure pre- 
viously described (12) and separated 
from each other by two-dimensional 
paper chromatography. In agreement 
with the observations of Dunn and Smith, 
the Marshak-Vogel hydrolytic procedure 
for DNA containing iodouracil yielded a 
compound identified by chromatography 
and ultraviolet spectrum as uracil (3). 
In the case of DNA containing bromo- 
uracil, the hydrolytic procedure yielded 
a mixture of bromouracil and uracil. 
Consequently, the data for iodouracil 
and bromouracil shown in Table 1 are 
based on the yield of these hydrolysis 
products. 
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Table 1. Ratio of halogen-containing bases 
to thymine in the DNA of H. Ep. No. 1 
cells. 


Molar concentration 


Compound in culture medium 


A B 
Experiment No. 1 
5-Iododeoxy- 
uridine 1.4x 10-* 1.4x 
Hypoxanthine 3.6 x 10°5 
Amethopterin 
Ratio in DNA: 
I-containing 
base/thymine 0.30 0.61 
Experiment No. 2 
5-Bromodeoxy- 
uridine 1.7 ¥10-* 
Hypoxanthine 3.6 x 10-5 
Amethopterin 1.6x 1.0 x 10°? 
Ratio in DNA: 
Br-containing 
base/thymine 0.76 0.84 


In order to demonstrate directly the 
incorporation of the iodouracil moiety, 
cells were harvested from a medium con- 
taining 5-iododeoxyuridine labeled with 
['81. The residual solution following ex- 
traction of the defatted cells with 10 per- 
cent sodium chloride, protein removal 
by chloroform gel formation (3, 13), 
and subsequent dialysis was analyzed by 
paper chromatographic methods and 
scintillation counting. The radioactivity 
in a compound chromatographically 
identical with 5-iododeoxyuridine could 


Fig. 1. Autoradiograph of H. Ep. No. 1 
cell after incubation in tritium-labeled 
5-bromodeoxyuridine for 3 days (in the 
presence of amethopterin and hypoxan- 
thine) followed by incubation in unlabeled 
medium for 2 days. Localization of re- 
duced silver grains over the nucleus can 
be observed. Kodak AR 10 stripping film 
and MacNeal Tetrachrome stain were 
employed. 
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be recovered only after treatment of the 
above solution with deoxyribonuclease 
followed by treatment with snake-venom 
phosphoesterases (3). 

The iodouracil moiety can be incor- 
porated into the DNA of these cells even 
in the absence of amethopterin, which 
acts to depress de novo thymine synthesis 
(Table 1, expt. 1A). In experiments 1B 
and 2B, amethopterin was added to en- 
hance the utilization of the exogenous 
thymine analogs, while hypoxanthine 
provided a source of preformed purine 
moiety. The results of experiment 2 in- 
dicate that the addition of hypoxanthine 
in the presence of amethopterin did not 
appreciably change the incorporation of 
the -bromouracil moiety. These results 
may be related to Hakala’s observation 
that 5-bromodeoxyuridine can support 
HeLa cell growth in a culture medium 
containing amethopterin, glycine, and 
hypoxanthine or adenine (1/4). 

The molar ratio of DNA thymine to 
adenine is close to 1.0 for cells grown 
in normal medium, while in the experi- 
ments listed in Table 1 the sum of thy- 
mine plus halogen-containing pyrimidine 
more closely fits this relationship. These 
results suggest that the halogen-contain- 
ing pyrimidines partially replace thy- 
mine, as has been observed in the bac- 
terial systems studied (2-5). 

The nuclear localization of the halo- 
gen-containing pyrimidines was con- 
firmed by autoradiographic studies in 
which 5-bromodeoxyuridine labeled with 
tritium (15) and 5-iododeoxyuridine 
labeled with [?81 were used. The cell 
culture conditions were equivalent to 
experiments 1B and 2B of Table 1. An 
autoradiograph made with tritium-la- 
beled 5-bromodeoxyuridine is shown in 
Fig. 1 (16). 

M. L. Emrtnorr 
L. CHEONG 
M. A. 
Division of Biophysics, Sloan-Kettering 
Institute for Cancer Research, 
New York, New York 
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Low-Level X-ray Damage to 
Amphibian Erythrocytes 

Abstract. In vitro x-irradiation of frog 
and Amphiuma erythrocytes caused cyto- 
physiological damage to part of the cell 
population. There was a significant de- 
crease in the percentage of normal cells 
and some hemolysis. Changes were also 
observed in the electrical capacitance and 
potassium-42 uptake of irradiated eryth- 
rocytes. 


There is considerable evidence that 
low-level ionizing radiation causes signifi- 
cant changes in populations of dividing 
cells (7). Until recently there has been 
little information available on the effect 
of small doses of x-irradiation on the 
cytophysiology of nondividing (postmi- 
totic) cells (2). I chose nucleated am- 
phibian erythrocytes as a biological rep- 
resentative of the postmitotic cell type 
because of their large size and relatively 
high metabolic rate and because large 
numbers of intact cells were easily ob- 
tained. Although many millions of cells 
were observed in these studies, I did not 
find dividing erythrocytes in the blood of 
the species studied (3). 

Curarized animals were bled from the 
heart (bullfrog) or tail vein (Amphi- 
uma) (4), and the heparinized blood 
was washed in physiological saline (5). 
Pooled blood samples were kept at ap- 
proximately 5°C during all procedures 
of preparation and were exposed to room 
temperature (22° to 25°C) only during 
the experiment. Cell suspensions (hema- 
tocrit 33) were divided into control (un- 
irradiated) and irradiated aliquots and 
poured into Lucite dishes 3% in. in di- 
ameter to a depth of 2 to 3 mm. Irradia- 
tions were carried out with a 100-kv 
(peak) x-ray tube operated at 15 ma 
(6). Because of variation in the degree 
of response produced by x-irradiation, all — 
experimental procedures were either car- 
ried out on the same blood samples or 
repeated on a sufficient number of sam- 
ples to obtain averages representative of 
the. cell population. Except for the ir- 
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radiation, exactly the same procedures 
were applied to both the control and ex- 
perimental samples. 

Phase-microscope studies of unirradi- 
ated and irradiated erythrocytes (Fig. 1) 
indicated that x-irradiation caused an in- 
crease in the number of irregularly 
shaped cells (cells with folded and 
ruffled membranes) and of irregular nu- 
clei. Immediately foliowing 50- and 
100-r x-irradiation, some hemolysis was 
observed, but none was observed follow- 
ing 10-r x-irradiation. Irradiated eryth- 
rocyte suspensions showed further 
hemolysis after they were transferred to 
conical tubes and centrifuged. The su- 
pernatant was carefully replaced with 
cold isotonic saline, and the cells were 
stored at 5°C for 24 and 48 hours, re- 
spectively. Further hemolysis was ob- 
served only in the erythrocyte suspen- 
sions irradiated at 100 r with little or 
none in the aliquots irradiated at 10 and 
50 r. There was apparently a rapid he- 
molysis of damaged, fragile, and aged 
erythrocytes; this left a relatively hemol- 
ysis-resistant population of cells after 24 
hours. An analogous result was reported 
by Alpen et al. (7), who, after 500-r 
whole-body x-irradiation of rats, found 
an increased resistance to osmotic hemol- 
ysis after 24 hours. 


UNIRRADIATED 
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In an effort to follow the course of 
hemolysis, cell counts of relatively un- 
disturbed erythrocyte suspensions were 
carried out. There was an increase in the 
number (per 1000 cells counted) of ir- 
regularly shaped and cytologically abnor- 
mal cells following 50-r x-irradiation of 
frog and Amphiuma red cells. Phase- 
microscope cell counts after 100-r irra- 
diation indicated a 10-percent increase 
in the percentage of damaged cells in 
the irradiated suspensions as compared 
to the controls. No significant change in 
the percentage of damaged cells was 
found after 24 and 48 hours of storage 
(at 5°C) of irradiated erythrocytes in 
fresh (unirradiated) physiological saline. 
The decrease in the percentage of cyto- 
logically normal cells is apparently an in- 
dication of irreversible cellular damage 
due to radiation. 

The effect of x-rays on the red-cell 
envelope was investigated by means of 
radioisotope and electrical techniques. 
The capacitance of paired aliquots of 
unirradiated and 100-r x-irradiated frog 
erythrocytes at 28°C was determined. 
Measurements of washed packed cells 
were carried out in a Lucite cell with the 
two end walls made of 1-cm? platinum 
plates placed 0.3 cm apart. Observations 
were made in accordance with Fricke’s 
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Fig. 1. Phase-microscope pictures of Amphiuma erythrocytes. (A) Living cells; (B) fixed 
and Feulgen-stained cells. Note ruffled and folded cell membranes and irregular cell and 
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Fig. 2. Capacitance (in micromicrofarads) 
of paired aliquots of unirradiated and 


100-r x-irradiated frog erythrocytes at 
28°C. 


theoretical and experimental method 
(8), over a frequency range of 10 to 100 
kcy/sec, by means of an alternating-cur- 
rent Wheatstone bridge, with an oscillo- 
scope as a detector. The irradiated cells 
showed a consistent elevation in capaci- 
tance, as compared to the unirradiated 
cells, over the entire frequency range 
studied (Fig. 2). This may be interpreted 
as physical evidence of changes in cell 
geometry or in membrane ultrastructure, 
or in both. 

Additional evidence for cell mem- 
brane changes was shown by increased 
K,#CO, uptake immediately. after ir- 
radiation at 100 r. This was followed by 
a loss in K*? after 90 minutes in both 
frog and Amphiuma cells. There were 
three capacitance experiments which in- 
dicated greater differences between con- 
trol and irradiated cells % hour after 
radiation treatment than were apparent 
11% hours after irradiation. This suggests 
that some of the changes observed are 
reversible in nature and follow trends 
similar to those found in respiration 
studies of the same cells (2). 

Mirton A. LeEsster* 
Department of Physiology, 
Ohio State University 
College of Medicine, Columbus 
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Phenylpyruvic Acid as a 
Possible Precursor of 
o-Hydroxyphenylacetic Acid in Man 


Abstract. The oral administration of 
phenylpyruvic acid to human subjects re- 
sults in increased urinary excretion of 
o-hydroxyphenylacetic acid. This demon- 
strates that phenylpyruvic acid may act 
as a precursor for o-hydroxy derivatives 
of phenylalanine and suggests that the 
formation of o-tyrosine is not necessary to 
account for the excretion of o-hydroxy- 
phenylacetic acid in phenylketonuria. 


o-Hydroxyphenylacetic acid (o-HPAA) 
has been found to be the major hydroxy 
metabolite of phenylalanine excreted in 
the urine of patients with the hereditary 
metabolic disorder known as phenylketo- 
nuria (J-3). Such a conversion could 
theoretically occur by the o-hydroxyla- 
tion of phenylalanine, phenylpyruvic 
acid, or phenylacetic acid. Armstrong 
and Shaw (4) found that the excretion 
of o-HPAA followed the oral adminis- 
tration of o-tyrosine in man, and postu- 
lated that o-tyrosine was a probable in- 
termediate in the formation of o-HPAA 


in phenylketonurics. Mitoma et al. (5) 
suggested that the overproduction of 
o-tyramine, the decarboxylation product 
of 0-tyrosine, was perhaps responsible for 
the mental defect in phenylketonuria. 
The presence of o-tyrosine or o-tyramine 
has not as yet been demonstrated in the 
tissues of normal or phenylketonuric in- 
dividuals. It has been reported, however, 
that beef adrenals normally contain free 
o-tyrosine (6), and it is possible that the 
normal excretion of o-HPAA in man 
could originate from such a source. 

When Berry et al. (7) applied phenyl- 
alanine tolerance tests (8) to individuals 
heterozygous for phenylketonuria (0.1 g 
of t-phenylalanine per kilogram of body 
weight), they found that o-HPAA but 
not phenylpyruvic acid was excreted in 
the urine in increased amounts. Cullen 
and Knox (9) recently confirmed these 
findings and also showed that a dose of 
at least 0.13 g of .-phenylalanine per 
kilogram is usually required before any 
increased o-HPAA can be detected in 
the urine of normal subjects. 

In the course of experiments in this 
laboratory (J0), it was found that in- 
gestion of the p-isomer of phenylalanine 
in man in amounts as low as 0.015 g/kg 
regularly results in the urinary excretion 
of phenylpyruvic acid and of increased 
amounts of o-HPAA. This raised the 
question whether p-phenylalanine or one 
of its metabolites might be the substrate 
for o-hydroxylation. 

In order to test for the possible o-hy- 
droxylation of phenylpyruvic acid or its 
metabolites, the sodium salt of phenyl- 
pyruvic acid (Nutritional Biochemicals 


Table 1. Urinary excretion of phenylpyruvic acid (PPA) and o-hydroxyphenylacetic acid 
(o-HPAA) following the oral administration of sodium phenylpyruvic acid. 


Z less 
o-HPAA Total estimated 
PPA ‘Total PPA Collection 
ingested excreted time (hr) 24 hr) during X of o-HPAA 
(mmole) (umole) (X) (control) * (umole) during X 
(Z) (umole) 
[(Z— XY) /24] 
Subject A 
0 2.6 
2.5 185 3.0 8.5 8.2 
5.0 711 6.5 42 41 
Subject B 
0 5.0 
5.0 598 4.5 19 18 
Subject C 
0 10.6 
5.0 581 7.0 51 48 


* The normal daily excretion of o-HPAA for seven subjects, including subjects A, B, and C, ranged from 


2.0 to 10.6 umole (mean, 5.6 mole). 
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Corp.) was orally administered to three 
normal, adult male subjects. Each urine 
sample following the ingestion of phenyl- 
pyruvic acid was immediately assayed for 
phenylpyruvic acid by a modification of 
the procedure of Berry and Woolf (11), 
and the collection of urine was continued 
until no further phenyipyruvic acid could 
be detected. The individual urine sam- 
ples in which phenylpyruvic acid was 
present were then pooled and assayed for 
o-HPAA by a modification of the paper- 
chromatography technique of Armstrong 
et al. (2, 12) in which the chromatogram 
was developed with 2,6-dichloroquinone 
chlorimide. 

The results (Table 1) show that the 
ingestion of phenylpyruvic acid causes 
an increased excretion of o-HPAA and 
indicates that phenylpyruvic acid may 
be a precursor for o-HPAA. However, 
since no isotope study was carried out 
with labeled phenylpyruvic acid, the 
possibility remains that the administra- 
tion of phenylpyruvic acid might be in- 
directly increasing the excretion of 
o-HPAA. 

Because the evidence presented here 
shows that the ingestion of phenylpyru- 
vic acid can cause an increased urinary 
excretion of o-HPAA, it is not necessary 
to assume an increased production of 
o-tyrosine in phenylketonuria in order to 
account for the increase of o-hydroxy 
derivatives of phenylalanine (13). 

Ricuarp E. TasHIAN 
Department of Human Genetics, 
University of Michigan Medical 
School, Ann Arbor 
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Radiology 


The American College of Radiology 
is a national association of physicians 
specializing in radiology. The college 
serves the patient through the advance- 
ment of the science of radiology. It has 
three main purposes. One of these is to 
improve the distribution, quality, and 
availability of radiological service to the 
sick through the study and interpreta- 
tion of socioeconomic factors as they 
affect medicine and health. To that end, 
the commissions, committees, and staff 
of the college study the economic and 
social aspects of radiologic practice. 
Facts thus established result in principles 
which the college promulgates regarding 
the relationship of radiologists to their 
fellow physicians, to hospitals, to health 
agencies, and to the public. 

The second broad purpose is to en- 
courage the development of improved 
standards and facilities for postgraduate 
education in radiology. To further this 
objective, the Annual Conference of 
Teachers of Radiology was established. 
At this conference—now held at the 
time of the annual meeting of the col- 
lege, in February—pedagogical subjects 
of concern to teachers of residents in 
radiology are discussed. This annual 
teachers’ conference, under the direction 
of the college’s commission on educa- 
tion, aids in maintaining high standards 
of education in radiology. 

The college was also instrumental in 
establishing the section on radiology in 
the American Medical Association. 
Funds are donated anually to the 
American Registry of Radiologic Pathol- 
ogy in the Armed Forces Institute of 
Pathology, Washington, D.C., to assist 
in providing fellowships for residents in 
radiology who desire further training in 
pathology. The college also provides con- 
sultants for the registry. 

The third purpose of the American 
College of Radiology is to acquaint the 
medical profession and the public with 
achievements and developments in radi- 
ology and thus encourage progress in this 
specialty. 

Membership in the college is in itself 
an indication of professional achieve- 
ment. Only those physicians who are 
diplomates of the American Board of 
Radiology or who hold the certificate in 
radiology of the Royal College of Physi- 
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Meetings 


cians and Surgeons of Canada are eligi- 
ble for membership. 

Fellows are elected from the mem- 
bership in acknowledgment of contribu- 
tions to radiology. Periodically the col- 
lege awards a gold medal to outstanding 
physicians “for distinguished and ex- 
traordinary service to the American Col- 
lege of Radiology and the profession for 
which it stands.” 

The board of chancellors and the vari- 
ous commissions and committees are or- 
ganized to carry out the projects and 
programs of the college and to give di- 
rection, service, and guidance to college 
members on request. The board of 
chancellors is the executive body and 
governing board of the college and is 
composed of 12 chancellors, who serve 
4-year terms. All are fellows of the col- 
lege. Eight are selected from the fellow- 
ship at large, and one each is nominated 
by the Radiological Society of North 
America, the American Roentgen Ray 
Society, the American Radium Society, 
and the Canadian Association of Radi- 
ologists. 

Between meetings of the board of 
chancellors the activities of the college 
are directed by an executive committee, 
composed of the chairman of the board, 
two chancellors appointed by the chair- 
man and approved by the board, and 
the president of the college as an ex 
officio member as is the secretary-treas- 
urer. 

The present officers of the college are 
as follows: president, Lawrence Rey- 
nolds (Detroit Mich.); vice president, 
Charles M. Gray (Tampa, Fla.); chair- 
man of the board of chancellors, Earl E. 
Barth (Chicago);  secretary-treasurer, 
Fay H. Squire (Chicago) ; and executive 
director, William C. Stronach. 

One of the most important current 
projects of the American College of Ra- 
diology is an educational program for 
physicians, outlined in a recent state- 
ment. 

“The American College of Radiology 
will cooperate with all efforts to encour- 
age medical authorities of this country to 
initiate a vigorous movement to reduce 
radiation exposure from x-rays to the 
lowest limit consistent with medical 
wisdom, and. . . to assure that proper 
safeguards always be taken to minimize 
the radiation dose to reproductive cells. 
... Appropriate training and experience 


must be insisted upon for all users of 
radiation. For all, adequate stress must 
be placed on protection and safety as- 
pects of the use of radiations in human 
beings. . . . Certain it is that we all desire 
to keep the dose of radiation to its low- 
est level to the population that is well. 
The dose of radiation to those who are 
ill and require either studies or treat- 
ment with radiation should also be kept 
as low as possible, but here the condi- 
tions for judgment are different. In this 
case, we give as little radiation as possi- 
ble in order to achieve the desired end 
of proper diagnosis or treatment; but 
when, in a careful radiologist’s judg- 
ment, an individual patient requires a 
dose exceeding 10 r or any other arbi- 
trary figure, his medical judgment must 
prevail. . . . It should be emphasized that 
genetic considerations do not apply to 
patients who are past the reproductive 
period..«. 

“The National Committee on Radia- 
tion Protection and the International 
Commission on Radiation Protection 
have for many years formulated the 
standards for the protection of patients, 
the public and occupational personnel 
engaged in medical diagnostic proce- 
dures. It is necessary that the entire 
medical profession be acquainted with 
their recommendations. . . . This means 
that there is a problem of dissemination 
of this information to everyone who is 
engaged in the healing arts.” 

Information is being disseminated in 
the following ways. 

1) Lectures, symposia, and panel dis- 
cussions on these subjects are presented 
at meetings of local, state, and national 
medical organizations. These discussions 
are conducted by experts in radiation 
physics, radiobiology, genetics, and radi- 
ology. 

2) The text of such discussions is pub- 
lished in appropriate medical journals, 
and thousands of reprints are distributed 
to physicians who do not subscribe to 
these journals. 

3) The college has prepared a hand- 
book, A Practical Manual on the Medi- 
cal and Dental Use of X-Rays with Con- 
trol of Radiation Hazards, which it has 
distributed to 175,000 physicians in the 
United States. This manual contains all 
of the basic information on the prob- 
lems brought out in the report of the 
National Academy of Sciences and in 
the United Nations report, together with 
practical, clinical recommendations, The 
manual is now being translated into 
Spanish and Portuguese for distribution 
in Latin America. 

4) The college has prepared sets of 
colored slides illustrating ways to control 
the hazards of radiological examinations. 
These slides are available to any phy- 
sician who requests them. Several hun- 
dred sets are now in use. 

5) A “protection kit” has been de- 
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Newest Equipment for 


Fluorescent Microscopy 


The rapid, microscopic technic for identifying 
microorganisms and antigens in tissue. 


Aloe Scientific now offers as a complete package the latest 
equipment and reagents necessary for fluorescent microscopy. 
These basic assemblies permit the most versatile application 
possible. 

With the new procedure, specific antibodies formed in 
the tissues can be tagged or labeled with fluorescent dye so 
they will glow under ultraviolet light. This technic has 
aided in much faster identification of pathogenic and 
nonpathogenic microorganisms, and greatly speeded up 
diagnosis of a wide range of diseases. 

Modifications of the AO Phasestar microscope make it 
ideal for fluorescent study, in addition to phase, bright field 
and photomicrography. If desired, your present microscopic 
equipment may be converted for fluorescence by interchanging 
and adapting objectives and accessories suggested. 

To determine the exact equipment you need, 
write today for descriptive bulletin FM-459 
and complete bibliography on fluorescent 
microscopy. 
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LATEST OFFICIAL DATA 
NEW 1959 Edition ON ALL 102 ELEMENTS THROUGH NOBELIUM 
Chart and 48-page Key Booklet both completely revised. 


New type faces for maximum legibility. Lithographed in six colors. 
Prepared under the editorial supervision of DR. WILLIAM F. MEGGERS, National Bureau of Standards. 


The Periodic Chart of the Atoms, _ published 
exclusively by Welch, is 
the world as a most authoritative and compre- 
hensive presentation of the principal facts about 
all known atoms, including artificial transuranic 
elements recently manufactured. 

Its information is sufficiently detailed to serve 
the most advanced workers in atomic physics, yet 
it presents basic facts clearly to students of 
elementary high school chemistry and physics. 
The characteristics most used in elementary 
classes, such as the Atomic Number, the Atomic 
Weight, and the Symbol of each element are in 


large display type, the rest being less prominent. 

a Co rs Its organization is such that the student is con- 

mt 4 stantly made to visualize each characteristic in 

ary rues its proper place with respect to the whole pic- 

— ture of atomic structure. 

The chart is beautifully lithographed in six 

46. Pd colors on heavy chart paper coated with a plas- 

< “th oe tic film especially treated to prevent glare. The 

r 5 atomic number is black, the atomic weight red. 


a Other color differentiations make the symbols 
easily distinguished and their meaning clear. 


4854. CHART OF THE ATOMS, 1959 Edition. 


me. With formed-metal chart molding at top and 
2. Au Bi Po At ° with eyelets for hanging, non-glare pro- 
tective coating, and Key booklet. Each, $7.50 
"104 105 
7 Ra fr ij fe. me he. oF 4854A. CHART OF THE ATOMS, 1959 Edition. 
+58 -. Mounted on a spring roller within a 
glare protective coated, and with booklet. 
4858. KEY. For Chart of the Atoms. 
t let for further study a review. 
W. M. WELCH SCIENTIFIC COMPANY No. 4854 Tessier often make the study of the key a class 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY project or the subject of special reports. Goch, $1.08 
ESTABLISHED 1880 Per Dozen, $9.00 Lot of 100, $65.00 
1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 
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COENZYME-A 


75% Reduced Form” 


AVAILABLE 


For 
IMMEDIATE 
DELIVERY 


From 


First introduced by Pabst 
Laboratories, COEN- 
ZYME-A has been avail- 
able from stock without 
interruption, since 1952. 
“For complete specifications see 


the 1959 CATALOG of PABST 
RESEARCH BIOCHEMICALS 


PABST LABORATORIES 
Div. of Pabst Brewing Co. 
1037 W. McKinley Avenue 
Milwaukee 5, Wisconsin 


How To Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 

* Gives Graphic Picture — Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate — Type or Write on 
Cards, Snap in Grooves 

* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

* Made of Metal Compact and Attractive. 
Over 350,000 in Use 


Full price $49°° with cards 
FREE 24-PAGE BOOKLET NO. BF-40 


Without Obligation 
Write for Your Copy Today 
GRAPHIC SYSTEMS 
55 West 42nd St. @ New York 36, N.Y. 
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signed by the college. It includes re- 
prints of important articles and material 
designed to help radiologists and other 
physicians give talks on radiation pro- 
tection before medical groups. More 
than 1000 kits have been distributed. 

6) A 16-millimeter documentary mo- 
tion-picture film dealing with radiation 
protection is being prepared for use of 
the medical profession. This is being 
financed in part by the Rockefeller Foun- 
dation. 

W. C. StronAcH 
American College of Radiology, 
Chicago, Illinois 


International Botanical Congress 


The ninth International Botanical 
Congress will be held in Montreal, 19- 
29 August, at the University of Mon- 
treal, McGill University, and Sir George 
Williams College. The first session of the 
International Botanical Congress took 
place in Brussels in 1864. It has been 
held only once before on this continent, 
in the United States. This will be the 
first time it has been held in Canada. 
About 6000 delegates from 72 countries 
are expected to attend. 

The program of the scientific sessions 
will be conducted in 16 sections and will 
deal with all aspects of botany in its 
broadest sense, including plant produc- 
tion, breeding, and protection, and their 
implications for agriculture and forestry. 
Some 400 scientists, representing all sec- 
tions of the program, have been invited 
to present papers, participate in sym- 
posia, and deliver public lectures. About 
2000 contributed or voluntary papers 
will also be given. 

An extensive series of field trips con- 
stitute an important part of the con- 
gress. Seventeen precongress field trips 
and seven postcongress field trips have 
been organized, covering the period 20 
July to 14 September. These trips will 
take foreign scientists to all parts of 
Canada, from coast to coast, and to the 
subarctic. Probably about 2000 delegates 
will participate. 

During the period of the meetings in 
Montreal, commercial firms will be 
given the opportunity of exhibiting in 
the winter stadium of McGill Univer- 
sity, where nearly 90 booths will be pro- 
vided. Canadian government depart- 
ments and research institutions will have 
displays at various places on the cam- 
puses, 

The estimated cost for organization, 
publications, and so forth will be about 
$225,000. Of this sum about $75,000 will 
be obtained from government sources 
($50,000 has already been provided by 
the federal government), $75,000 will 
be secured from the delegates, and it is 
hoped that $75,000 will be forthcoming 
from Canadian industrial interests. 


Free Radical Stabilization 


The fourth International Symposium 
on Free Radical Stabilization will be 
held at the National Bureau of Stand- 
ards, 31 August to 2 September. Empha- 
sis will be placed on the properties of 
solids containing trapped radicals and 
on the chemical and physical interac- 
tions involving trapped radicals at low 
temperatures. 

Activities tentatively scheduled for 
the first day of the symposium include 
a discussion of the organization and 
aims of the NBS free-radicals program, 
a session on low-temperature chemistry, 
and a banquet in the evening. On the 
following day, the discussions will be 
concerned with methods of production 
of trapped radicals and physical prop- 
erties of radical-trapping solids and with 
the identity and concentration of 
trapped radicals. The evening activities 
will include a round-table discussion of 
future trends in free-radical stabiliza- 
tion. The final session of the symposium, 
on the interaction of free radicals with 
solids, will be held the morning of 2 
September. That afternoon, tours of the 
laboratories of the bureau’s Free Radi- 
cals Program will be conducted. 

In addition to the conducted tours, 
informal visits to the free radicals labo- 
ratories may be arranged for the two 
days immediately following the sympo- 
sium, These visits should be planned in 
advance by writing the National Bureau 
of Standards. 

Although the program of presented 
papers is for the most part already com- 
plete, time has been set aside in the 
various discussion periods for brief re- 
ports. These short communications will 
be listed in the program but need not be 
submitted in manuscript form. Notifi- 
cation of the nature of a proposed com- 
munication should be made before 1 
August. 

The NBS has arranged for accommo- 
dations at Dunbarton College, which is 
located within a few minutes’ walking 
distance of the NBS. Dormitory facili- 
ties at $5 (single) or $3.50 (double or 
multiple) per night are available from 
30 August to 5 September. Further in- 
formation can be obtained by writing 
Dr. A. M. Bass, National Bureau of 
Standards, Washington 25, D.C. 


Reactor Technology 


Oak Ridge National Laboratory has 
announced that the third Conference on 
Analytical Chemistry in Nuclear Reac- 
tor Technology will be held at Gatlin- 
burg, Tenn., on 26-28 October. The 
general theme of this conference, “Anal- 
ysis of Reactor Materials Following the 
Operation of Nuclear Reactors,” com- 
plements prior meetings, which dealt 
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with (i) advances in the chemical analy- 
sis of important reactor materials, and 
(ii) the role of analytical chemistry in 
the startup and operation of nuclear re- 
actors. 

The subjects which will be empha- 
sized at this conference are chemical 
analysis as related to the estimation of 
corrosion and erosion rates; reprocessing 
of fuels and blanket materials; and the 
analytical chemistry of fission product 
mixtures, of plutonium, and of the trans- 
plutonic elements. 

The contribution of papers pertaining 
to these or closely related subjects is so- 
licited. Presentations on new develop- 
ments or improvements in methods of 
chemical analysis, including advances in 
instrumentation, are especially invited, 
although review papers and those involv- 
ing pertinent theoretical discussions may 
well prove to be of equal interest and 
should be submitted for consideration. 

To facilitate the completion and dis- 
tribution of the program well in advance 
of the conference, speakers are requested 
to submit abstracts of about 500 words 
not later than i August and to indicate 
the time required for their presentation, 
not to exceed 30 minutes. The proceed- 
ings of the conference will be published. 

All communications about the con- 
ference, including the submission of 
manuscripts and abstracts, should be di- 
rected to: C. D. Susano, Oak Ridge 
National Laboratory, P. O. Box Y, Oak 
Ridge, Tenn. Inquiries with respect to 
accommodations, or requests for reser- 
vations, should be addressed to: Mr. 
Tom Woods, Manager, Mountain View 
Hotel, Gatlinburg, Tenn. 


Forthcoming Events 


July 

1-3. Hydraulics, annual conf., Fort 
Collins, Colo. (W. H. Wisely, American 
Soc. of Civil Engineers, 33 W. 39 St., New 
York 18.) 

1-4. British Tuberculosis Assoc., annual 
(closed) , Cambridge, England. (BTA, 59, 
Portland Pl., London, W.1, England. ) 

1-5. International Radio and Electron- 
ics Conv., Cambridge, England. (British 
Institution of Radio Engineers, 9, Bedford 
Sq., London, W.C.1, England. ) 

2. Radiation and Ageing, Ciba Founda- 
tion 3rd annual lecture on ageing, Lon- 
don, England. (G. E. W. Wolstenholme, 
Ciba Foundation, 41 Portland Pl., Lon- 
don, W.1, England. ) 

3-5. International Union of the Medi- 
cal Press, 4th cong., Cologne, Germany. 
(Dr. Stockhausen, Secretary of Bundes- 
aerztekammer, Cologne. ) 

4-9, American Soc. of X-ray Tech- 
nicians, Denver, Colo. (Miss G. J. Eilert, 
16 14 St., Fond du Lac, Wis.) 

6. Shortening of Lifespan of Mammals 
Following Irradiation, research forum, 
London, England. (G. E. W. Wolsten- 
holme, Ciba Foundation, 41 Portland Pl., 


London, W.1, England. ) 
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RADIOACTIVITY AT WORK. 


Our business is radioactivity—applying it, measuring it, protecting against it 


This is the second in a series of reports de- 
voted to NSEC’s work with the exciting new 
tool, radioactivity. Its uses appear endless, 
not only in the nuclear industry, but also 
in the fields of chemicals, petroleum, phar- 
maceuticals, medicine, steel and coal. Ap- 
plied radioactivity helps us examine product 
and process improvements, indicates ways 
to reduce costs, and probes for answers to 
complex research problems. With radioiso- 
topes and radioactivity, we seek solutions 
by methods never before practical or eco- 
nomically feasible. 


One of our project descriptions may apply 
directly to a problem you are facing, or point 
up a general application in your field. Take 
advantage of NSEC’s specialized skills and 
equipment. See how safely and profitably the 
phenomena of radioactivity can be put to 
work for you. 


ACTIVATION ANALYSIS 


Where a high degree of quality control is 
desired, activation analysis offers a sensi- 
tivity far exceeding conventional quantita- 
tive analysis. Elements in quantities as 
minute as one part per billion can be identi- 
fied and measured. Activation analysis is 
important in manufacturing, and in research 
projects requiring rigid standards of purity. 
It is especially useful in the processing of 
rare or expensive materials since, in most 
cases, only a fraction of a gram of material 
is required. 


In activation analysis, exposure of the test 
sample to a stream of neutrons creates 
radioisotopes with distinct radiation char- 
acteristics. Even minute quantities of trace 
elements are made sufficiently radioactive 
that sensitive counting equipment can meas- 
ure them. Activation analysis may be per- 
formed for as many trace elements as de- 
sired in a single small sample. 


NSEC offers activation analysis as a com- 
mercial service. We can handle complete 
testing and analysis or can assist in establish- 
ing a standardized procedure for production 
line use. Ask Dr. Paul Kruger, Manager of 
our Chemistry Department, about this service. 


RADIOTRACERS IN 
BIOMEDICAL RESEARCH 


Radiotracing is proving extremely valuable 
in medical and pharmacological research. 
Radioactive tracers in infinitesimal amounts 
are used to foliow the course of a substance 
through a living organism. With tracers, 
research scientists discover where the sub- 
stance goes, how long it takes to get there, 
and what happens when it arrives. 


Recently, NSEC completed a study deter- 
mining the behavior of a radioactive enzyme 
for a drug manufacturer. Information was 
needed regarding the speed with which the 
product was absorbed and how it was dis- 
tributed in the body. The experiments pro- 
vided valuable data for the manufacturer. 
Extended animal tracer experiments are now 


in progress and human studies are about to 
be undertaken. 


Information about the method and radioi: 
tope selected will soon appear in a scientific 
journal. For additional information on this 
and similar tracer studies, just write us. Our 
report on services for study of the reticulo- 
endothelial system is also available. 


PROJECT SUNSHINE 


When an atomic bomb test is made any- 
where on earth, radioactivity is scattered 
into the air and carried about by wind cur- 
rents. These “hot” atoms fall with precipi- 
tation and settle on animals, vegetation, 
soil, and water. This fallout contains the 
dangerous radioactive nuclide, strontium-90, 
and it is desirable to maintain constant 
knowledge of the amount. 


To monitor this fission fallout, the Atomic 
Energy Commission set up “Project Sun- 
shine.”” NSEC has been active in the pro- 
gram since 1955, analyzing samples received 
from all over the world. NSEC recently has 
been awarded two additional major con- 
tracts to measure fallout in Pittsburgh rain- 
fall and in particulate material in the air. 


Close to half the fallout measurements, and 
most of the particulate material analyses in 
this country are being conducted by NSEC. 


NSEC is one of very few private firms with 
the necessary low-level counting equipment 
to perform such vital work. This, and similar 
apparatus designed and built by our staff, is 
used to conduct research that leads to a 
better life for us all. Would you like to discuss 
the ways it might assist you? 


FISSION PRODUCT BEHAVIOR 
IN A REACTOR SLURRY 


In a proposed nuclear power reactor, the 
fuel used is a slurry of uranium oxide and 
thorium oxide particles. NSEC made a 
preliminary study of the probable distribu- 
tion of fission products within the reactor, 
to aid in the design of the fuel-decontamina- 
tion processes. High pressure, high tempera- 
ture studies were made in an autoclave 
using reactor-irradiated slurries, as well as 
synthetic mixtures of fission products. 


NSEC has conducted hundreds of radio- 
chemical analyses of experimental nuclear 
fuel elements, reactor coolant water and 
other reactor components. NSEC also as- 
sists in determining fuel burn-up efficiency, 
and the rate of gain for breeder reactors. 
We are taking part in the development of 
nuclear power plants for aircraft, and are 
advising many firms which are fabricating 
fuel elements for various reactors. 


If your work involves nuclear reactors or 
components, call us at HOmestead 2-4000 in 
Pittsburgh. We'll work with you from the 
preliminary environmental radioactivity sur- 
vey through the disposal or use of the radio- 
active waste. 


For more detailed information on our studies and services, just call or write. Pro- 
posals and quotations on your specific needs will be made without cost or obligation. 
And if you would like to keep informed of the latest developments in this constantly 
changing field, just write on your letterhead and ask us to put you on the mailing 
list for our monthly publication, “Radioactivity at Work.” 


Our expanding business requires additional qualified technical personnel. Interested? 


Submit resume to Personnel Manager. 


DEPT. S-7, P.O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA 
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GLASS ABSORPTION 
CELLS KLEIT 


MINI- POLYGRAPH 


“Simplicity and accuracy for student or scientist’’ 


®@ Rectilinear recording with 
ink on 6” paper with milli- 
meter square marking; simple 
and reliable linkage — only 
two moving parts 


®@ Compact versatility — EEG, 

* ECG, and 2 pressure chan- 
nels or ECG and 3 pressure 
channels 

® Transducers plug in directly 
— no extra power supply 
or pre-amplifiers needed 

@ Rugged and sturdy 


® Anti-clogging inking system 
SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


@ Instantaneous speed change 


@ Plug-in printed circuits — 6 speeds 


GILSON MEDICAL ELECTRONICS 
On Madison's West Beltline Highway 
Middleton, Wisconsin 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


ANOTHER PROCEDURE 


*Ref.: SULFURIC ACID-INDUCED 
MADE RELATIVELY SIMPLE* 


FLUORESCENCE OF : 
CORTICOSTEROIDS 


_ MAX L. SWEAT, Anal. Chem. Vol. 26, Pg. 773 


GALVANOMETER 
DEFLECTION 


FARRAND. 


FLUOROMETER 


The Farrand Photoelectric Fluor- 
ometer simplifies techniques and 
assures precise performance in 
fluorometric assay. 


The instrument is designed to ren- 
der linear response and stability 


Engineering, Research 
Development, Design 
and Manufacture of 
Precision Optics, 
Electronic and 
Scientific Instruments 
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BULLETIN NO. 803R, with list of users, sent upon request. 


over a wide range of sensitivities 
for measurements of extremely 
low concentrations in micro or 
macro volumes. 


me 


Used by leading scientists through- craortemon Fluorescence Produced by 17- Hy- 


out the world in Ethanolic Sulfuric Acid. Solution 4 
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6-8. Cell Structure and Function, 10th 
annual symp., Ann Arbor, Mich. (J. M. 
Allen, Dept. of Zoology, Univ. of Michi- 
gan, Ann Arbor.) 

6-8. Oxford Ophthalmological Cong., 
Oxford, England. (I. Fraser, 21, Degpole, 
Shrewsbury, Shropshire, England. ) 

6-8. School and University Health, 3rd 
intern. cong., Paris, France. (Comité 
d’Organisation du Congrés d’Hygiene 
Scolaire et Universitaire, 13, rue du Four, 
Paris 6°.) 

6-11. Seed Testing, intern. conv., Oslo, 
Norway. (Intern. Seed Testing Associa- 
tion, Danish State Seed Testing Station, 
Thorvaldsensvej, 57, Copenhagen V, Den- 
mark. ) 

6-12. Chagas’ Disease, intern. cong., 
Rio de Janeiro, Brazil. (C. Chagas, Insti- 
tuto de Biofisica, avenida Pasteur 458, Rio 
de Janeiro.) 

7-10. Royal Medico-Psychological As- 
soc., annual meeting, Glasgow, Scotland. 
(RM-PA, 11, Chandos Street, London, 
W.1, England. ) 

12-17. American Waterworks Assoc., 
annual conv., San Francisco, Calif. (H. 
E. Jordan, AWA, 521 Fifth Ave., New 
York 17.) 

13-17. National Assoc. of Power En- 
gineers, natl. conv., Boston, Mass. (A. F. 
Thompson, Secretary, NAPE, 176 W. 
Adams St., Chicago, Ill.) 

13-17. Plastic Surgery, 26th intern. 
cong., London, England. (D. Matthews, 
Organizing Secretary, Intern. Cong. on 
Plastic Surgery, c/o Inst. of Child Health, 
Hospital for Sick Children, Great Ormond 
St., London, W.1.) 

13-17, Standardization, intern. (coun- 
cil meeting), Geneva, Switzerland. (ISO, 
1-3, rue Varembe, Geneva. ) 

15, American Soc. of Facial Plastic Sur- 
gery, New York, N.Y. (S. M. Bloom, 123 
E. 83 St., New York 28). 

15-17, Fluorine Chemistry, symp., 
Birmingham, England. (Chemical Soc. 
of London, Burlington House, Piccadilly, 
London, W.1.) 

15-17, Shaft Sinking and Tunnelling, 
symp., Olympia, London, England. (Insti- 
tution of Mining Engineers, 3, Grosvenor 
Crescent, London, S.W.1.) 

15-18. British Assoc. of Urological Sur- 
geons (members and guests), Glasgow, 
Scotland. (Joint Secretariat, 45, Lincoln’s 
Inn Fields, London, W.C.2, England. ) 

15-18. British Cong. of Obstetrics and 
Gynaecology, 15th, Cardiff, Wales. 
(BCOG, Maternity Hospital, Glossop 
Terrace, Cardiff. ) 

15-24, British Medical Assoc., Edin- 
burgh, Scotland. (BMA, Tavistock, Sq., 
London, W.C.1, England. ) 

16-24, Canadian Medical Assoc., 92nd 
annual meeting in conjunction with the 
British Medical Assoc., Edinburgh, Scot- 
land. (A. D. Kelly, CMA, 150 St. George 
St., Toronto 5, Ontario, Canada.) 

17, High Energy Nuclear Physics, 9th 
annual intern. conf. (Intern. Union of 
Pure and Applied Physics, Moscow, 
U.S.S.R.). (R. E. Marshak, Univ. of 
Rochester, Rochester, N.Y.) 

19-24, American Crystallographic As- 
soc., Ithaca, N.Y. (J. Waser, Rice Inst., 
Houston 5, Tex. ) 

19-25, Pediatrics, 9th intern. cong., 
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Montreal, Canada. (R. L. Denton, P.O. 
Box 215, Westmount, Montreal 6.) 

20-26. Radiation and Atmospheric 
Ozone, joint symp., by Intern. Union of 
Geodesy and Geophysics and World Mete- 
orological Organization, Oxford, England. 
(WMO, Campagne Rigot, 1, avenue de 
la Paix, Geneva, Switzerland. ) 

22-23. Rocky Mountain Cancer Conf., 
Denver, Colo. (N. Paul Isbell, 835 Re- 
public Bldg., Denver 2.) 

23-30. Radiology, 9th intern. cong., 
Munich, Germany. (Sekretariat des 9 In- 
ternationalen Kongresses fiir Radiologie, 
Reitmorstrasse 29, Munich 22.) 


26-30. International Psychoanalytical 
Assoc., Copenhagen, Denmark. (Miss P. 
King, 37 Albion St., London, W.2, Eng- 
land.) 

27-4. International Federation of 
Translators, Bad Godesberg, Germany. 
(Dritter Internationaler FIT-Kongress, 
Kongress Sekretariat, Bundesverband der 
Dolmetscher und Ubersetzer e. V. (BDU) 
Hausdorfstrasse 2, Bonn, Germany.) 

30-31. Computers and Data Processing, 
6th annual symp., Estes Park, Colo. (W. 
H. Eichelberger, Denver Research Inst., 
Univ. of Denver, Denver 10, Colo.) 


(See issue of 15 May for comprehensive list) 


GROWTH CHAMBERS 


for control of climate variables 


Model 6510 


See our booth at 
The AAAS CONVENTION 
June 15-19, 1959 


Units developed by National Appliance Company 
for bio-technical studies requiring controlled climate 
are proving their efficiency and versatility. Basic model 
in two sizes, 2'-2” x 4’-2” and 4’-2” x 8’-2” inside floor 
measurements, with controlled temperature and light 
intensity. May be modified to control all other factors 
of environment. Larger sizes available with complete 
instrumentation of all environmental factors. 


Write for quotations on your particular requirements and send 


NATIONAL APPLIANCE 


SERVING EDUCATION:+ INDUSTRY + RESEARCH® MEDICINE SINCE 1918 
MANUFACTURERS OF OVENS + INCUBATORS + BATHS + RELATED LABORATORY EQUIPMENT 


LIGHT 


COLD 


Vas HUMIDITY 


AIR 


for new 4-page bulletin. 


= PANY 
COM 

LED ENVIR 
7634 S.W. CAPITOL HWY. 
PORTLAND 19, OREGON 
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Your nearby Donner engineering representa- 
tive will be happy to supply you with complete 
applications data or you may write us here 
in Concord if you choose. Please address 
Dept. 506 


Precision 


Plug-in Amplifiers, 


Function Generators, 
Multipliers, 
Power 
Supplies 


systems engineer. 


Model 3101 


chopper-stabilized 
dual amplifier 


New Donner computer and control elements 
are designed to simplify the job of the analog 


If you are interested in expanding the capac- 
ity of your analog computer, no matter what 
make or size, constructing a special purpose 
computer, or erecting an analog control loop, Donner analog systems 
components will perform a precision job at an economical price. 


Typically, key specifications for 
the chopper stabilized amplifier 
shown above are de gain in ex- 
cess of 50 million; maximum off- 
set of a unity inverter, less than 
100 pv/day; drift of unity inte- 
grator, lessthan100 pv/sec; phase 
shift of unity inverter, less than 
0.5 degrees at 1 ke. Price of this 
dual amplifier is only $230 or 
$115 per channel. Even lower 
prices on quantity sales. 


DONnKE 


CONCORD, CALIFORNIA 
Electronic engineers, exciting opportunity exists at Donner. Write today for full details. 


Donner plug-in amplifiers 
in rack-mount configuration 


SCIENTIFIC 
COMPANY 


New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 15 


" PHOTOJUNCTION CELL type 7223 is a 
germanium p-n alloy junction type with 
S-14 response. The cells are of head-on 
design with shell diameter 0.08 in. and 
minimum window diameter 0.06 in. 
Wavelength of maximum response is 
15,000 A. Dark current with polarizing 
voltage of 2.5 v is 14 wa. Sensitivity at 
15,000 A and 2.5 v polarization is 0.68 
wa/w m?, Maximum polarizing voltage 
is 50. (Radio Corporation of America, 
Dept. 828) 


™ DELAY LINE has band width up to 1000 
Mcy/sec. Six models have characteristic 
impedance of 50, 75, and 93 ohm. Total 
delays are 1.11 and 11.1 usec and 47.5 
musec. Rise time is less than 4 percent 
of delay at any point. Accuracy of better 
than 0.5 percent with correction factors 
is claimed. Maximum input voltage is 
over 500 v. (AD-YU Electronics Labo- 
ratory, Inc., Dept. 837) 


™ RADIOISOTOPE LABORATORY, for use in 
training for analytical and industrial ap- 
plications of radioactive isotopes, incor- 
porates all equipment needed for meas- 
uring radioactive disintegrations. Typical 
laboratory includes a shielded Geiger- 
Mueller counter, sample changer, radia- 
tion absorber, scaler, sample prepara- 
tion equipment, radioactivity standards, 
and radiation source. (Nuclear-Chicago 
Corp., Dept. 838) 


"SERVO AMPLIFIER, designed to operate 
in a 60-cy/sec servo system, obtains its 
input from a synchro control transformer 
or similar source and drives a 20-w servo- 
motor. Input voltage for full 115-v 
r.m.s. output is 2.0. Input impedance is 
20,000 ohm, output impedance 750 + 
j250 ohm. The amplifier will operate 
from -—55° to +55°C at full ratings. 
(DI/AN Controls, Inc., Dept. 839) 


INFRARED INCINERATOR permits ashing 
of small amounts of organic materials. 
Heating is provided by focusing rays 
from an infrared lamp onto a crucible 
supported at the focal point of a gold- 
plated parabolic reflector. Operation is 
on 110 v a-c or d-c. (National Instru- 
ment Co., Dept. 850) 


® MAGNET, for removal of ferromagnetic 
particles from the eye, is said to exert 
an attractive force over 100 times the 
weight of the particles. A special cobalt- 
iron with high saturation flux density is 
used for the magnetic core. The magnet 
provides a clear field of approach out- 
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side a 120 deg cone angle with its apex 
at the pole tip. Weight is 15 Ib. (Metro- 
politan-Vickers Electrical Co., Dept. 
847) 


@REFRIGERATED CENTRIFUGE attains 40,- 
000 g in its eight-place, 50-ml head and 
26,000 g in a six-place, 25-ml head. Tem- 
perature is kept constant to +1°C by a 
fin-coiled 1-hp evaporator and a combi- 
nation of plastic-foam and fibreglas in- 
sulation. An electric tachometer indi- 
cates rotational speed. (International 
Equipment Co., Dept. 849) 


NITROGEN GENERATOR produces nitro- 
gen with any hydrogen content between 
0.25 and 25 percent. The process draws 
nitrogen from both air and ammonia. 
The process is exothermic and the plati- 
num catalyst used is said to have indefi- 
nite life. Generator capacities range from 
50 to 10,000 ft?/hr. Operation requires 
lines for water, air, and ammonia, and 
110-v power. (Baker and Co., Dept. 
842) 


BPROXIMITY DETECTOR is sensitive to 
metallic objects over a range of distance 
adjustable between 0.001 and 0.1 in. 
Output for open circuit is a change from 
2vto0v when metal approaches. Out- 
put impedance is 750 ohm. Response 
time permits counting at rate up to 7200 
per minute. Models are available for 
magnetic and for nonmagnetic metals. 
(Parametrics, Dept. 844) 


"CORROSION TEST CABINETS provide 
chambers measuring 96 by 48 by 48 in. 
Construction material is stainless steel or 
epoxy-lined mild steel. The chamber is 
heated by water jackets on all four 
sides and bottom to temperatures up to 
50°F. Temperature is controlled to 
+%°F. Counter-weighted lid has a 23- 
by-17-in. window. (G. S. Equipment Co., 
Dept. 859) 


HIRRADIATION SERVICES are offered with 
outputs of two electron accelerator units. 
The smaller of the two produces 1 Mev 
at 2 kw, the larger 1.5 Mev at 15 kw. 
Output of the larger unit is equivalent to 
approximately 1 Mc of cobalt-60 and, 
when converted to x-rays, to radiation 
from 300,000 c of cesium-137. The serv- 
ice is available on either a single or sus- 
tained basis. Research assistance can be 
provided. (Radiation Dynamics, Inc., 
Dept. 861) 


"INFRARED SPECTROPHOTOMETER scans a 
spectral range from 1.0 to 15.5 » with 
NaCl optics and a range from 0.5 to 
38 » with other available prisms. With 
NaCl optics accuracy of +0.015 » and 
reproducibility of + 0.005 w are claimed. 
Resolving power is 0.02 u at 12 u. Stray 
radiation is less than 2 percent at 15 » 
with filter. Transmittance reproducibility 
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Roland Gohike, Dow Chemical Company engineer, using Bendix Mass Spectrometer 
to identify compounds emerging from a gas chromatograph. 


NOW BENDIX* TIME-OF-FLIGHT MASS 
SPECTROMETER RECORDS MASS SPECTRA 


The ability to record either mass 
spectra or mass ratios further widens 
the versatility of the Bendix Mass 
Spectrometer. The speed and ease of 
using this new Analog Output System 
are illustrated by the following example: 

During a recent routine analysis 
performed at our Research Labora- 
tories Division, one hundred mass 
spectra were recorded on a direct 
writing recorder in less than two 
hours. These were the mass spectra 


of the eluted components of a mixture 
being separated by a gas chromato- 
graph and fed continuously into the 
Bendix Spectrometer for identification. 

For complete details contact the 
Cincinnati Division, Dept. E6—5, 
3130 Wasson Road, Cincinnati 8, 
Ohio. Export Sales: Bendix Inter- 
national Division, 205 E.42ndSt.,New 
York 17, N. Y. Canada: Computing 
Devices of Canada, Ltd., Box 508, 


Ottawa 4, Ontario. *TRADEMARK 


APPLICATIONS 
e Ch graph output identifi 
tion. 


@ Molecular beam analysis, includ- 
ing solids’ analysis and high 
temperature research. 


@ Fast reaction studies such as 
rocket exhaust analysis. 


@ Analysis of ions created outside 
the mass spectrometer. 


@ Negative ion studies. 
@ Simple, rapid analysis. 


Cincinnati Division 


CINCINNATI, OHIO 


FEATURES 


@ RUGGED—The Dow Chemical 
Company experienced only Y of 
one percent downtime for mainte- 
nance during the first six months 
of operation. 

@ FAST—10,000 mass spectra per 
second. 

HIGH RESOLUTION—Usable 

dj mass lution beyond 
500 a.m.vu. 

@ VARIOUS OUTPUTS—Oscillo- 
scope used alone or in combina- 
tion with ion pulse counting or 
recording outputs. 


ATOMIC MASS UNITS 
Oscillogram of xenon spectrum. 


e WIDE MASS RANGE—Each 
spectrum covers 1 through 4000 

@ SIMPLE, OPEN CONSTRUCTION— 
Permits easy modification for 
special problems. 

@ ALUMINUM GASKETS, HIGH 
TEMPERATURE FEEDTHROUGHS— 
Permit effective bakeout. 


AVIATION CORPORATION 
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is +0.5 percent. The instrument, of the 
double-beam, automatic-recording type, 
features automatic gain control and pro- 
grammed scanning speed to obtain maxi- 
mum information under different energy 
conditions. In automatic mode of opera- 
tion, the instrument returns to its start- 
ing point and stops after completion of 
scan. In cycle mode, the instrument re- 
peats the scan as many times as desired 
for observing changing spectra. (Perkin- 
Elmer Corp., Dept. 860) 


™ MAGNETIC RECORDER for use in seismic 
exploration provides 24 data channels, 
one timing channel, and two auxiliary 
channels. The recorder operates on 12-v 
d-c power and requires a 0.5-ma signal 
for full modulation. Response is essen- 
tially flat from 20 to 200 cy/sec and is 
phase corrected within 1 msec over this 
range. A built in frequency standard 
monitors motor drive and timing signals. 
No warm-up before operation is required. 
The complete system weighs 60 Ib. 
Techno Instrument Co., Dept. 855) 


® opTICAL CELLS consist of U-shaped Vy- 
cor body with fused-on silica optical 
windows. Spectral range is 185 to 3500 
mp. Transmittance at 220 mu with a cell 
filled with double-distilled water is 
greater than 70 percent. The length of 


the light path is within +0.5 percent of 
nominal path length, which may be 5 or 
10 mm. Cells are furnished only in sets 
matched to within 2-percent transmission 
at 240 and 270 muy and to within 3 per- 
cent at 220 mu. (Beckman Instruments, 
Dept. 853) 


®@ SIGNAL SOURCE is remotely tunable over 
the frequency range 100 to 16,000 Mcy/ 
sec. Power output varies from 500 to 5 
mw over this range. The tuning unit may 
be 2000 yd or more distant from the 
source; it is connected to the source by 
one shielded pair of wires, one two-con- 
ductor coaxial cable, and three single- 
conductor wires. For square-wave modu- 
lation an additional single-conductor co- 
axial cable is required. (Scientific-At- 
lanta Inc., Dept. 858) 


® VOLTAGE COMPARATOR trips a relay out- 
put when the unknown input signal ex- 
ceeds the reference input. The com- 
pletely transistorized device has overload 
capacity 1000 times rated sensitivity. Re- 
peatability of trip point is + 1 mv. Sensi- 
tivity is 5 mv a-c, 10 mv d-c. Input im- 
pedance is 2 megohm. Power required is 
1 w with relay operating and 0.1 w with 
relay not operating. Weight of the device 
is 12 oz, (Trio Laboratories, Inc., Dept. 
865) 


™ SWEEPING OSCILLATOR covers the range 
from 100 kcy to 225 Mcy/sec in six 
bands. Sweep is effected electronically, 
and automatic-gain-control circuits main- 
tain output constant within +0.4 db. 
Eighteen crystal-controlled pulse mark- 
ers, three in each band, provide fre- 
quency calibration. Sweep rate is vari- 
able around 60 per second and locks into 
line frequency. With sweep width re- 
duced to a minimum, the instrument 
can be used as a continuous-wave signal 
generator. (Kay Electric Co., Dept. 843) 


"TISSUE FREEZE-DRYER for histochem- 
ical applications uses a condenser that 
completely surrounds the specimen. 
Specimens rest on a screen which per- 
mits unrestricted evaporation of mole- 
cules in all directions. Drying time for 
2-mm-thick specimens is 6 hr. The tem- 
perature-control system permits selection 
of drying temperature. After drying, 
specimens are embedded in_ paraffin 
without breaking the vacuum. Evacua- 
tion is accomplished by a small combi- 
nation mechanical pump and diffusion 
pump; liquid nitrogen is the condenser 
coolant. Canal Industrial Corp., Dept. 
867) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 


new 
instruments 
for infusion 
and retracting 
of liquids 


FOR GENERAL 
APPLICATION 


trolled rates. 


graph. 


Here is an economical and convenient means for de- 
livering small quantities of liquids at accurately con- 


A threaded shaft, carrying a syringe holder and a 
pusher, is mounted in place of the regular drum spindle 
and rotated in the same manner. Syringes are clamped in 
place, or released by turning a single thumbscrew. The 
unit is designed to be attached to, and driven by, our 
Bird Kymograph #70-060. This propeller may be used 
with equal facility on our older model (four-speed kymo- 


Since any Luer syringe, from 5 ml. to 50 ml. capacity 
may be used, and since the kymograph drive provides a 


Syringe Driver | 


given over a period of time. 


choice of five speeds, a wide range of delivery rates is available, as 
indicated in the following table. 

This instrument has clinical applications in anaesthesia, surgery, 
gynecology, radiology and neuropsychiatry. It is particularly useful for 
administering small volumes of injectable drugs which are to be 


71-04990 Syringe 
Driver and Kymograph 


Approximate Delivery Rates in Millileters per minute 
Syringe Capacity 5 10 20 30 50 


(less drum and drum Speed No. 1 .0046 .0059 .0118 .0157 .024 
and without | speed No.2  .023 .030 .059 .078 .12 
Speed No. 3 116 .148 = .29 39 0.6 
71-0499 Syringe Driver Speed No. 4 58 .78 148 196 3 
only. Speed No. 5 2.9 oF 7.4 98 15 


controlled rates. 


SYRINGE RETRACTOR 


Similar to the Bird Syringe Driver, (Catalogue No. 71-0499), but is de- 
signed for withdrawing samples of blood (or other liquids) at accurately ° 


71-04992—Syringe Retractor and Kymograph (less drum and drum Shaft) 
and without syringe. 


71-04991—Syringe Retractor, complete with change-gears. 


PHIPPS A BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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INTERFERENCE FILTERS 


for isolating narrow spectral bands 


Spectral Range: 340-900 millimicrons 
Peak Transmission: 40% 
Half Peak Width: 8-12 mp 
Size: 2” x 2” 
For 
Colorimetry 
Fluorimetry 
Flame Photometry 
also microscopy, photomicrography, microcolorimetry, refractometry, 
polarimetry, light Scattering measurements, and for many other 


pp q monochromatic light in the visible, near- 
ultraviolet, and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Avenue New York 16, N.Y. 


The New Kurtz-Miramon Technique 


..-permits chromatographing 
large numbers of paper strips 
at one time in a small space. 


...eliminates fumbling with 
dangling, wet paper strips. 


...- prevents papers from 

touching or rubbing together 
| while being developed, 

washed, sprayed, and dried. 


...eliminates use of anchor 
and anti-siphon rods. 


Write for Brochure SK 
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.. Utilizes all-glass apparatus. 


INSTRUMENTS FOR... 
FLUORESCENT 


ANTIBODY TECHNIQUES 


"“FLUOREX" 


unit with REICHERT 
“BIOZET” Microscope 
and Photo-Micrographic 
Accessories. 


The “FLUOREX” unit may also be used with 
microscopes of other makes. 


“ZETOPAN” 
UNIVERSAL RESEARCH 
Microscope 


For unlimited versatility with two light 
sources and instantaneous transition to 
Fluorescent Microscopy. 


For full details and specifications write or phone . . . 


WILLIAM J. HACKER & CO., INC. 


P.O. BOX 646 
WEST CALDWELL, N.J. 


CApitol 6-8450 
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PERSONNEL PLACEMENT 


CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
box number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 


established. 
Single insertion $33.00 per inch 
4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give nurnber) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C 


ill POSITIONS WANTED 


Biochemist, Ph.D. Administrative, pharmaceu- 
tical, clinical research and development, 17 
years; publications, anticarcinogenesis, enzymes, 
tracers, chemotherapeutics, antibiotics, immun- 
nochemistry. Desires supervisory research po- 
sition, industry or hospital, East. Box 144, 
SCIENCE. xX 


Botanist, Ph.D. Genetics, biology, general zool- 
ogy, plant anatomy, microtechnique, human 
anatomy; research in air pollution and teaching 
experience. 40 years old. Wants teaching or re- 
search, small college preferred. Box 115, 
SCIENCE, 5/29; 6/5 


Botanist-Plant Physiologist. Cornell Ph.D. Aca- 
demic and agricultural teaching—research-admin- 
istrative experience. Available September, Publi- 
cations. Box 127, SCIENCE. 6/5 


Clinical Chemist (female); 10 years’ experi- 
ence; M.S. Seeks plus opportunity to 
earn maintenance simultaneously. Box 125, 
SCIENCE. 6/12 


Clinical Chemist, Physiologist, Ph.D. Chief, bio- 
chemistry division 600-bed university hospital. 
Research cardiac metabolism; some teaching. 
Will relocate similar position East or West. 
Box 142, SCIENCE 


Clinical Psychologist, young, single Belgian fe- 
male, wide varied experience, 15 months’ radu- 
ate study with renowned specialists in U. de- 
sires to emigrate. Prefers Florida, West, or 
Southwest. Box 131, SCIENCE. 6/5 


Microbiologist, Ph.D., general, environmental, 
pathogenic bacteriology ; 12 years’ teaching-re- 
search experience. Publications. Desires teaching- 
research position. Box 132, SCIENCE. 6/5 


Ph.D. Environmental physiology, cellular physi- 
ology, and endocrinology. Also most vertebrate 
and beginning courses; 7 years’ teaching and 
research. Societies and publications. Desires a 

pointment by February. Box 141, SCIENCE, 


Virologist. Ph.D. Competent in virology, tissue 
culture, and phages. Broad experience in medical 
bacteriology, mycology. Desires research posi- 
tion. Box 138, SCIENCE. 6/12, 19 


Zoologist Completed graduate 
work leading to Ph fall 1959, Desires teach- 
ing position with or without research in eastern 
college or university. Box 137, SCIENCE. X 


Bacteriologist, Ph.D. or M.D. with training 
and interests in tuberoculosis for research asso- 
ciateship in broad program on the biology and 
therapy of pulmonary disease in man and sub- 
human primates. Reply to Director, The Christ 
Hospital Institute o Medical Research, Cincin- 
nati 19, Ohio. 6/12 


Biochemist for research on arthritis started by 
the late Lester Yoder. Part-time work, retired 
or semiretired person will do. Box 136, SCI- 
ENCE. x 


POstT10Ns OPEN 


Biochemist, Physiologist or Biologist with strong 
biochemical interests, recent or 1959 Ph.D., de- 
sired to participate in basic research on cellu- 
lar metabolism and renal transport mechanisms. 
May Institute for Medical Research, 421 Ridge- 
way Avenue, Cincinnati 29, Ohio. 6/5, 19 


Biochemist Physical, Ph.D. To participate in 

USPHS research program (3-year grant) deal- 
ing with study of plasma proteins with physical- 
chemical techniques, for example, ultracentrifu- 
gation, chromatography, light scattering, and 
so forth. Salary, $8000 plus annual $500 incre- 
ment. New York City area. Address replies to 
Box 118, SCIENCE 6/5 


(a) Biochemist; Ph.D. to head clinical chem- 
istry laboratories, teach technologists, establish 
new procedures, some research opportunity; new 
biochemistry laboratories now being constructed ; 
hospital will be 400 beds by late 1959; to $12,- 
000, excellent potential; midwestern capital, col- 
lege city. (b) Bacteriologist ; M.S., Ph.D., to 
ead department in busy laboratory, 550-bed 
fully approved hospital; southeastern resort area. 
(c) Biochemist ; Ph.D. to help set up new labo- 
ratory in expanding hospital; now 175 beds; 
New England = city 40,000. (d) Bacteri- 
ologist; M.S., Mig experienced i in clinical bac- 
teriology head department in 
new 400-bed hospital to open soon; opportunity 
for teaching, research; popular Florida resort 
location. Woodward Medical Bureau, Ann 
Woodward, Director, 185 North Wabash, Chi- 
cago. x 


Biochemist wanted to head biochemistry division 
of research department at leading specialty hos- 
pital. Address inquiries to Mrs. Carol Martin, 
Secretary, Department of Research, 218 Second 
Avenue, New York 3, N.Y., or call ORegon 
4-6760. 6/12 


CLINICAL INVESTIGATION 


Large Midwest ethical pharmaceutical 
company has opportunity for physician in 
department of clinical investigation; 
prefer man 30 to 40 with some experi- 
ence past internship; training in nutri- 
tion and metabolism desirable though not 
necessary. Please send complete résumé 
to 


Technical Employment Coordinator 


The Upjohn Company 
Kalamazoo, Michigan 


The Institute of Marine Science of the Univer- 
sity of Texas at Port Aransas announces a va- 
cancy in the permanent position in Marine Botany 
open in the fall, Duties: conducting basic re- 
search in marine botany with emphasis on pub- 
lished results and graduate teaching in the sum- 
mer. Requirements : . in botany, training 
in algology, and some interests in functional 
processes in marine environments. Rank and sal- 
ary dependent on experience. Applicants should 
send transcripts, qualifications, publications, and 
a statement of research interests to the director 
at Port Aransas, Texas, H. T. Odum. 6/5 


Instructor, «\.M. in Biology, to supervise gen- 
eral biology and inorganic chemistry labora- 
tories. To teach comparative anatomy; small 
classes; 16 contact hours. Junior college in New 
England with strong liberal arts program. Start 
September 1959, Send credentials, Box 139 
SCIENCE. 


Man wanted to cover selected and profitable ter- 
ritory for specialty firm in Midwest. Must have 
some laboratory background and desire to sell. 
Products now servicing more than 11,000 labora- 
ratories in the United estes providing a positive 
labeling oem for laboratories and institutions. 
Box 60, SCIENCE, 6/5, 19 


New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research, Stipends 
$200-$10,000. Volume I (1957), $3; volume IT 
(just published, no duplication), $3; both vol- 
umes, $5. Limited editions. Complete, specific 
information on 400 awards in a States and 
overseas in each volume. CR » Sci., Box 
99, Station G, Brooklyn 22, USAPE eow 


POStr10NS OPEN 


MICROBIOLOGISTS 


Challenging positions in the Northeast 
and Midwest for microbiologists at all 
degree levels. Applicants should have 2 
to 10 years of experience in fermenta- 
tion research or production. Please reply 
to: 


BOX 143, SCIENCE 


PHARMACEUTICAL 
CHEMIST 


Tablet Research and Development 


Young Ph.D.-level chemist, preferably with 
several years of industrial experience . 
tablet research and development to su 
vise tablet section in our product deve Se: 
ment department. 

In confidence send complete résumé and 
salary requirements to 


PERSONNEL DIRECTOR 
SCHERING CORP. 


Manufacturer of Fine Pharmaceuticals 
60 Orange St. Bloomfield, N.J. 


Ph.D. to head department of clinical chemistry, 
200-bed general hospital, eastern Cone 
State training, experience. Box 140, SCIENCE. 


Ph.D., interested in parasitology, medical ento- 
mology, and tropical medicine. Postdoctoral 
trainees at $4800 to $5600 per annum. Apply to 
Dr. Irving Fox, School of Tropical Medicine, 
San Juan 22, Puerto Rico. x 


Physical-Analytical Chemist, Ph.D. or equiva- 
lent, to do collaborative and independent research 
in an established physical chemistry group. Em 
phasis on investigation and adaptation of newer 
analytical techniques to solution of pharmaceuti- 
cal research problems. Important—experience in, 
or desire to learn, several fields of laboratory in- 
strumentation. Ability to assume responsibility 
for gas chromatographic research of immediate 
value. Position offers fine opportunity for growth. 
Write to the Employment Division, Abbott Lab- 
oratories, North Chicago, Illinois. 


Physician, not over 35, male, single or married. 
Experience not necessary. Salary open. 

licensed in Illinois (wiil accept M.D, who is 
eligible to receive license in Illinois). Applicant 
must have interest in blood bank work, includ- 
ing whole blood, plasma and serums, and clinical 
atid methods. Opportunities for research. 

y 


Eventually can become associate director to 
present medical director. Box 135, Sree 


“Physicist or 
Optical Engineer” 


For development and testing in 
Polarization, Ellipticity, Retardation of 
Light, Electro and Magneto Optics, 
Optical Design. 


Please forward resume to O. C. 
Rudolph & Sons Inc., P.O. Box 446, 
Caldwell, New Jersey. 
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POstr10Ns OPEN 


Plant Pathologist; Ph.D. to be project leader of 
fungicides and nematocides laboratory whose pri- 
mary function is screening and evaluationg for 
new candidate pesticides. Biochemistry, fungus 
physiology, and/or plant physiology are desir- 
able minor disciplines which aid the professional 
biologist in contributing to successful synthetic 
research program. Write Research Director, 
yiagere Chemical Division, Middleport, New 
for application for employment blank. : 

eow t 


Radiobiologist, an unusual opportunity for a 
Ph.D. of several years experience. Applications 
will be considered from personnel in allied sci- 
ences who are strongly interested in biomedical 
aspects of ionizing radiation. Salary range $7000 
and up per annum. Location in Southwest uni- 
versity town of 200,000, low cost living, abun- 
dant recreation facilities. Box 122, 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 


WHITE LABORATORIES, INC. 
KENILWORTH, NEW JERSEY 


Expanding pharmaceutical development 
division seeking key men for responsible 
positions with real opportunity for ad- 
vancement in this growing research unit. 


PHARMACEUTICAL CHEMIST 


Experienced in tableting technology includ- 
ing for and tablet 
compression and coating for supervision 
assignment. 


PHYSICAL CHEMIST 


Recent Ph.D. preferred for pharmaceutical 
development laboratory. 


ANALYTICAL CHEMIST 
Experience preferred in a 
testing and 
methods and ‘procedures of control. 


UNIVERSITY OF TORONTO, SCHOOL OF HYGIENE. 
DEPARTMENT of MICROBIOLOGY has vacancies for 
Fellows. Suitable candidates may enter graduate degree 
programmes. Fields of interest: systematic and applied 
virology, bacteriology, and immunology. Stipends $2,500.00 
per annum. Apply to Dr. A. J. Rhodes, Director, School 
of Hygiene, University of Toronto, Toronto, Canada. 


The Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 


DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion = 00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

reach weeks before date 

of \Fridey of every week). 


| SUPPLIES AND EQUIPMENT |i 


PRIMATES 


SMALL LABORATORY MAMMALS 
“For The Discriminate Investigator” 
A Complete Animal Service 
RESEARCH ANIMALS, INC. 


3401 FIFTH AVENUE PITTSBURGH 13, PA. 
PHONE: MUSEUM 1-4156 
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C.F. 1 


FLUOROURACIL 


other High Radiopurity tagged compounds 


ISOTOPES Seca (0. 


MICE 


1.C.R DESCENDANTS 


GREEN HILLS FARM 


Box 381, Jeffersonville, New York 
Tel.: 363 


TACONIC 
FARMS 


| GERMANTOWN NEW YORK 


__ BOK BURBANK, CALIFORNIA 


pom 


USE THIS EASY SELF-MAILER to obtain 
further information 


R 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in New Products. 


Zon 
(Please print or ar 
Mark, clip coupon—FOLD HERE along this line—mail 


BUSINESS REPLY MAIL 
First Class Permit #112711 New York, N.Y. 


SCIENCE MAGAZINE 
Room 740 

11 West 42 Street 

New York 36, New York 
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AMERICAN-LINCOLN 


_ ANIMAL CAGES 
and INCUBATORS 


@ American-Lincoln ani- 
mal cages of all types 
from single units 
to large four compart- 
ment sizes. Special cages, 
spare pans, racks, etc., 
built to order. Incuba- 
tors for egg embryo and 
container work used by 
America’s leading scien- 
tific institutions. 


Write for New Catalog 


AMERICAN-LINCOLN INCUBATOR CO. 
New Brunswick, N.J. Dept. AS 


BACTERIOLOGICAL AND_ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


Concentrate Proteins 
in spinal fluid or urine prior 
to paper electrophoresis 
by dialysis in the 

Oxford Multiple Dialyzer 


for details write: 
xford 
aboratories 


ats 


961 Woodside Road 
Redwood City, Calif. 


Information Requisition 


5 June 1959 


Use this easy self-mailer to obtain further information about 


items or literature from the New Products section as well as 


from advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


828 837 
850 853 


838 839 
855 858 


ADVERTISERS IN THIS ISSUE 


842 
859 


843 844 847 849 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement and Market 
Place are not keyed. A multiplicity of items is indicated by *. Readers are 
requested to specify on this coupon the particular item in which they are 
interested; otherwise, the request cannot be processed. 


IFC 01507,A [1507.8 1507,¢ 1508" 

1509* 1510 O1512A (1512.8 
1512,¢ 1513* 01514 01515 0 1516 
01518 0 1555,U 0 1555,L 0 1556,U0 [1556,LO 
1557 01558,Ul 1558U0 [)1558,L 0 1559 

1560 1561 1562 0 1563,Ul 1563,LI 
1563,0-A [1563,0-B [OBC 
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BOOKS AND MAGAZINES || 


Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
et prices. Write Dept. » CANNER’S, Inc. 
Boston 20, setts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
———————, Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 


"ROFESSIONAL SERVICES 


LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies, 
Chemical and Biological Assays, 
Clinical Studies, Research 


Div. S$, 1921 Walnut St., Philadelphia 3, Po. © Ri 6-4322 


HISTOLOGY 


fo 
Industry and Research 
GEORGE L. ROZSA, M.D. 


143 Linwoed Ave. Buffalo 9, New York 
GRant 7165 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of the nation’s largest 
book publishers is secking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, send for booklet 28A — it’s free. Vantage 
Press, 120 W. 31 St., New York 1. (Branches in: 
Washington, D.C., Chicago, Hollywood, Calif.) 


CONSULTATION, RESEARCH 
DEVELOPMENT 
For Drug, Food and Cosmetic Industry 
CONTRACT PATHOLOGY for RESEARCH 
CLINICAL EXFOLIATIVE CYTOLOGY 
INBRED & HYBRID QUALITY HAMSTERS 
Contact without obligation 
BIO-RESEARCH CONSULTANTS, INC. 
9 Commercial Avenue, Cambridge, Mass. 
Un 4-8735 
F. Homburger, M.D., Director; P. Bernfeld, Ph.D., 
Director of Research; H. ¢. C. MacMillan, M.D., 


Pathologist; R. Whitney, F%.D., Director of Animal 
Production; A. Russfield, M.D. 


FLUORIDATION AS A 
PUBLIC HEALTH MEASURE 


Editor: James H. Shaw 


Price $4.50, AAAS Members’ prepaid 
order price $4.00 


240 pp., 24 illus., index, clothbound, 1954 


This volume offers a comprehensive con- 
sideration of the present knowledge of the 
relation of fluoride ingestion to human 
health. The eminent qualifications of each 
of the 21 authors should inspire confidence 
in the unbiased authenticity of the contents. 


AAAS 
1515 Mass Ave., NW, Washington 5, D.C. 


SCIENCE, VOL. 129 


\ 

| 

== 

; 

ia 

@ 2 27S 

ervuice 

| 

jag 


Opportunities at Hughes in 


Modern electronic systems demand a broad range of technical competence. 
The Hughes Microwave Laboratory has unusually extensive capabilities 
in the antenna, microwave component, and radome fields. Its activities 
are co-ordinated in a balanced program of fundamental research, 
development, design and production engineering. 


ANTENNA REsEARCH— Included in current studies are: electronic scanning, 
its information transfer functions, and its relationship to system 
performance; surface waves and conformal surface antennas potentially 
useful on nose cones or low silhouette applications; and the theoretical 
aspects of transmission through small radomes. 


Exectronics ResEarcH—These investigations are concerned with basic 
phenomena such as amplification, harmonic generation, limiting and 
switching with ferromagnetic and dielectric materials, and superconduction 
in thin films at microwave frequencies. 


MATERIALS REsEARCH— In the fields of Solid State Chemistry and Physics, 
studies are directed toward the synthesis and characterization of organic 
and inorganic compounds; new polymer systems; structural and electronic 
ceramics; and ferroelectric, ferrimagnetic and paramagnetic materials 
for electronic applications. 


Microwave ENGINEERING —the products of research are converted into 
advanced components, processes, and techniques for ultimate system 
application. Novel antennas, radomes, filters, and ferrite devices are being 
developed for the entire microwave and UHF spectra. New materials and 
processes are exploited for the production of ferrites and garnets, silicone 
plastics, ablative materials, high-temperature insulating and encapsulating 
materials, and electroluminescent panels. Research and engineering ideas 
are rapidly embodied in concrete forms through the facilities provided 
by a versatile design staff and a well-equipped shop. 


Openings exist in each of the above areas. These positions offer excellent 
opportunities for qualified personnel in the fields of Physics, Chemistry 
and Engineering (Electrical—Microwave—Mechanical). 


Please write: Mr. R. A. Martin, Supervisor, Scientific Employment 
HUGHES RESEARCH AND DEVELOPMENT LABORATORIES 
R and D Personnel Department, Culver City 46, California 


HUGHES the West's leader in advanced electronics 


© 1959, HUGHES AIRCRAFT COMPANY ‘B. Close-up of 


Hughes Ferrite Amplifier 
Apparatus for X-Raying 


Single Xtal Ferrites and Garnets — 


z 
> 
Band Reciprocal Ferrite Phase-Shifter 
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and vertical monocular | 
bodies available. 35 mm 
camera for crisp inexpen-_ 
sive photomicrography. 


Coupled system lets you 
what you see. 


No other microscope can offer 
you such a wide choice of 
interchangeable parts and 
accessories. 

You can adapt the Microstar to 
your exact. needs with various 
combinations of readily inter- 
changeable bodies, stages, bases 


Choice of 3 interchangeab 


360° rotatable bodies, 


_trinocular; inclined for 


ecus the stage and the 
_ Specimen to the objectives _ 
with low positioned coarse | 
and fine adjustments. 
Choose from 3 interchange- 
able stages; graduated or | 
ungraduated mechanical 


and optics. You have more than stages or the new Micro- 
600 possible combinations or 
models to choose from. 
Your Microstar will be “just 
right” for you in convenience, 
comfort and the economy of 
real quality. 


The large fork-type con- — 
denser mount allows | 
you to interchange bright- 
field, phase and dark field 

_ ¢ondensers quickly and 


“Your choice of interchangeable horse-\ 
shoe base with double-plano mirror in _ 
fork mount, or built-in base illuminator. — 


the complete - SPENCE 


BROCHURE $B124. INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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Microstar’s Building Block Concept of n, exclusive 
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